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TABIOUB fflVENTIONB, 

"About 1804 Captain 'iVevitliick put up in Dolcoath Mine a 
Btoue-crushing mill, having large cast-iron rollers, for breaking 
into email pieces tho large stones of ore ; it was spoken of as 
the first ever used for siieli a purpose ; the same form of erasher 
is atill used in tlie mines. It caused a great saving compared 
with breaking by a hand hammer." ' 

"I saw at the Weith Mine in 1)^05 a portable high-pressure 
engine, made by Captain Trevitbick. 

" It was called a puffer ; the cylinder was in the boiler ; the 
steam nboiit 30 Ibe, on the inch above tlie atmosphere. A 
wooden shed sheltered the engine and man. 

" The facility of manufacture and cheapness of those engines 
caused them to be much used in the mines, and also elsewhere."* 

Mrs. Trevithick, almiit the time we are Kpeaking of, 
accompanied her husband througli one of the Stafford- 
shire china manufactories. Trevithick said to the 
manufacturer, "You woukl grind your clay much l)etter 
by using my cast-iron rolls and high-pressure steam- 
engine." Tlie manufacturer begged him to accept a set 
of china. Mrs. Trevithick was disappointed at hearing 
her husband say " No ! I have only told you what was 
passing in my mind." 

Driving rolling-mills was among the early applica- 
, tions of the high-pressure steam-engines; hut pulverizing 



* Recollections of tlie lati> Captain Charles Tliommt, iiinnHgcr ■<( I>olc>atli. 

* Cnptain Snmasl Uroce'e re<xil1(«tJons. 

tVOt. 11. B 
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hard rock by the use of iron rollers was a novelty: 
though his patent of 1802 shows tlie proposed rolls 
driven by steiitn for crushing sugar-canes, yet no one 
had dreamt, prior to 1804, of economy in crushing 
stone and clay by such a meaus. The plan, however, 
remains in use to this day in many mines, and is fre- 
quently spoken of under tlie name of quartz-crusher. 



" Mb. Giddy, -(.'oALBRooKnAi-K. .sg^^m^T -iSnl, WW. 

" Sir. — Yours of the 13th this day tamo to hand. I left 
Wales about eight weeka since, and put an engine to work in 
Worcester, of 10-horse power, for drivinff a pair of grist-stones, 
and a leather-dressing machine, and another in 8taB'ordshire 
for winding coals; each of them works exceedingly well. 

" From Coalbrookdale I went to Livertiool, where a founder 
had made two of thetn, wliich also worked exceedingly well; 
one other was nearly finished, and three others begun. Some 
Spanish merchants there saw one of them at work, and said 
that as soon as they returned to Spain they would send an order 
for twelve engines, of 12-hor9e |)ower, for South America. In 
South America and the Spanish West Indies water is very 
scarce; in several places there b scarcely water for the inha- 
bitants to drink, therefore there is no water for any engin& By 
making inquiry, 1 found that ten mules would roll as much cane 
in an hour as would produce 250 gallons of cane-juice, which 
they boil until the water is eviiporated, and the sugar produced. 

"I told thcru that the engine-boiler might be fed with this 
juice, and by a cnek in tlie bottom of the boiler constantly 
turning, and by taking a greater or smaller stream from it, 
they might make the juice as rich as they liked. In thb pro- 
cess the juice would be so far on towards sugar, and the fire 
that worked the engine would cost nothing, because it would 
have taken the same quantity of fuel under the sugar-pans to 
evaporate the water, as it would in the engine-boiler. 

"Tlse steam from the eugine might be lurned around the 
outside of the furnace for distilling rum, us the distilleries 
K-quiro but a slow heat. 
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" I think tlio steam would answer a good purjKjae around the 
Divide of tlie pan. 
"If this nii^tliod answers, the cost of working the engine 
Hild bo nothing, and the engine would be Uien working, as it 

, without fira or water. 
" The Spaniardij told me that if this plan answers, they would 
Sie a thousand engines for South America and the Spanish 
ast Indies. I sliidl be very mneh obliged to you for your 
billion on this bu-siness. These merchants make a trade oi' buying 
^ sugar mills ami paus, with every other thing they want from 
fagland, and exchange them with the Sjuiuinrda for sugar. 
"At Manchester I found two engines had been made and pnt 
twork; they worked vei-y well: three more are in building, 
[ora tliere I weut to Derbyshire. The great pressure-engine' 
iexpect will be at work before the middle of October. A 
Ifldry at Chesterfield is building a nteam-engine as a sam|)le ; 
B fouudries in Manchester are at full work on them, and o[ie 
bliiverpool. There are six engines nearly finished at Coal- 
wkdale, and seven in a foundry at Bridgenorth. 
"I am making drawings for several other foundries. Any 
Biber of them would sell. A vast number are now being 
wted, and no other engine is erected where these are known. 
B engine for the West India Docks was n«^Iected during my 
ieui;c from the Dale, but I expect it will bo ready to send off 
in ten days. 

" Ih about three weeks I shall be in London to set it up. It 
will please you very much, for it is a very neat and complete 
Job, and I have no doubt wilt answer every purpose exceedingly 
well. At Newcastle I found four engines at work, and four 
more neatly ready ; six of these were for winding coal, one for 
lifting water, and one for grinding com. 

" That grinding corn was an 11-iueh cylinder, driving two 
pair of 5-feet stones 120 rounds per minute; ground. 150 
Winchesters of wheat in twelve hours with 12 cwt. of small 
coal. It worked exceedingly well, and was a very complete 
engine, only the stroke vtas much too short, not more than 
2 feet 6 incheH, which made very much against the duty. 

" The other engiue that was lifting water had a ."Ji-incli 
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diameter cylinder, with a 3-feet stroke, drawing 100-) 
barrels, twenty-four every hour, 80 yards, burning 5 cwt. of 
coal in twenty-four hours. 

" This work it did with very great ense. I believe you will 
find this an exceeding good duty for a. 5J-ineh cylinder engine. 

" Biilow I send a copy of Mr. Homfray's and Mr. Wood's 
letters to me : — 

" Mr. Homfray's, of the 10th September, — ' Our great engine 
goes on extremely well hero, nothing can go better; the piston 
gives no trouble ; it goes about three weeks, and we work it wilh 
blacklead and water ; the cylinder is as bright as a looking 
glass ; it uses about 2 lbs. of bJiwklead iu a vveek ; about once 
in twelve or fifteen houre we put a small quantity of Hacklead, 
mixed with a little water, thmugh the hole in the cylinder 
screw, and wo never use any grease. We rolled last week 140 
tons of iron- with it, and It will roll aa fast with the both pair of 
rolls, as tlie^«cu> bring to it.' 

" Mr. Wood's letter, September liitli. — ' We are going on, as it 
is likely we always shall, in the old dog-trot way, puddling and 
rolling from the beginning of the week til! the end of it. Your 
engine is the favourite engine with every man about the place, 
and Mr. Homfray says it is the best in the kingdom.' 

" I have not the smallest doubt but that I can make a piston 
without any friction or any j)acking whatever, that needs not to 
have the cylinder screw taken up once iu seven years. It is a 
very simple plan, and will be perfectly tight; it is by restoring 
an equilibrium on both sides of the piston. I expect to see you 
in London soon, and then will give you the plan for inspection 
before I put it iu practice. 

"I am very much obliged to you for recommending these 
engines in Cornwall, but yon have not stated in what manner 
they are to be applied; whether to work pumps, or barrels, or 
both. TJiey may be made both winding and pumping engines 
at the same time, if so required. 

"A rotative engine will cost more than an up-and-down- 
stroke, on at'count of the expense of the fly-wheel and axle. 
An engine capable of lifting 180 gallons of water per miunte 
20 fathoms would cost, when complete and at work, patent 
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Ight included, about 220^. If it is a rotative engine, with a 
■winding barrel, it will coat 270?. I expect tbat a 7-iuch 
cylinder would be eiifficient for winding at Penberthy Crofts, 
which might have a crank on the fly for lifting wafer in pumps, 
and a winding barrel ou its back. This would cost about 170/. ; 
the erection of them, when on the spot, will cost nothing. You 
do not say when you intend to bo in town, I hope you will be 
present when the dock-engine is set to work, 

" The engines first sent to Cornwall, most be from Coalbrook- 
dale ; then they will be well executed, but from Wales it would 
not be so. 

" Yon may depend on having a real good engine sent down, 
with sufficient openings given to the passages, 

" The engineer from the Dale lias been lately in London, 
and has just returned ; he gives a wonderful account of the 
engines working in London. There are twelve now at work 
there. They have well established their utility in different 
parts of the kingdom, and any number would sell. The founders 
intend to make a great number, of different sizes, and send them 
to different markets for sale, completely finished, as they stand, 

"You do not say anything about wheels to tlie engine for 
Penberthy Crofts. There are several engines here nearly 
finished ; if they suit in size for Penberthy, one may be sent 
tiown in four or five weeks, otherwitte it may be two months. 
" I am, Sir, 

" Your very humble servant, 

"RlOHAKD TrEVITHICK, 

" Direct for me at the Talbot Inn, Coalbrookdale," 

Trevithick worked hard and successfully in making 
liis steam-engines useful, and finnly Relieved tbat he 
could and would make them universal labourers. Even 
the Spanish merchants, unacquainted with steam, talked 
of giving an order for several engines for South Ame- 
rica; and their glowing account of the wide field open 
to him may have heeu instrumental to his going to 
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that country by making his engioes known tliere. His 
propoeal to make the sugar-cane convert itself into sugar 
by the use of his patent iiigh-pressure steam-engine may 
be more theoretical than practical ; but many more 
imlikely things have come to pass. 

At that time several of his engines were at work in 
Wales, Worcester, Stafibrdshire, CoalbrookiJale, Man- 
chester, Derbyshire, Liverpool, Cornwall, and New- 
castle-upon-Tyne. Twelve were at work in London, 
and so familiar were people with them, that founders 
intended to construct them of different sizes, aud send 
them for sale at the large market or county towns ; 
their cost complete, ready for woik, to be 200?., more 
or less, according to size, with a range of application 
nnlimited. His one letter, casually written sixty-seven 
years ago, luentions them as grinding corn, dressings 
leather, winding coal, crushing sugar-cane, prepared ta 
boil sugar, and distil rum; pumping water, rolling 
iron, railway locomotion, portable steam fire-engine, 
portable steam-crane, mine engines on wheels ; so that 
it may almost be said he was not too sanguine in 
hoping to send in 1804 a thousand of his engines to 
South America, for in those cursory remarks he draws 
attention to no less than thirty-six high-pressure steam- 
puffers at work. 

The Penberthy Croft Mine portable engine could be 
placed on wheels or otherwise, according to the wish of 
the purchaser, as though steam locomotion was an 
every day occurrence iu 1804. 



" Jin. GlDDV, '■ (.'ABniiHSE, Jimm.y 13/A, 1811. 

"Sir,^ — Fitmi laleiiluting tlie quantity of blast given to 
a blast-furnace, I find a considerable quuntity more of coal con- 
Hiimed by the same quantity of air in tliis way, tlian by the 



^ 



VARIOUS INVENTIOSS. 



rsfltial "iiy in (jommon engine chimneyB. Of course the more 
cold air admitted to puss througli the fire, the more beat earrii-'d 
to tlie top of the stack. Crenver 63-inc;li cyliuder, double- 
power, 8-feet stroke, with but ont} boiler, works five strokes 
per minute. This gives about 1600 square feet of steam per 
minute, and burns about 8 tons of coals in twenty-four hours. 
The stack for this boiler is 3i feet square, and the draught rises 
10 fe^ per second, and will set white pai^er in a flame at the 
top of it in about a minute. Therefore, this chimney delivers 
7200 square feet of air per minute, which is four and a half 
times the quantity of heated air, at «early four times the tem- 
perature of heat that there is of steam produced from the same 
tire, and delivered to the cyliuder. 

"A blast-fumace tliat bums 100 tons of coal per week is 
blown by a 5-feet diameter air-cylinder, 4-feet stroke, ten strokes 
per minute, double jiower, giving about 1600 square feet of air 
per minute, to consume 100 tons of coal, besides giving a melt- 
ing heat to 350 tons of ore and limestone. 

" Crenver engine has 7200 square feet of air to bum 5G tons 
of coat per week, which is above eight times the quantity of air 
used by air fire-places to what is used in a blast-furnace, and of 
course must carry off a great proportion of the heat to the top 
of the stack, that might be saved if the engine-fire was a bhist 
instead of an air lire, 

"But suppose the idea to be carried still furtber, by making 
an apparatus to condense and take 
the whole of the heat into the cylin- 
der instead of its passing up the 
chimney. By having a very small 
boiler, and a blast-cylinder to blow 
the whole of the blast iiito the bottom 
of the boiler, under a cylinder full 
of small boles under the water, to ' 
make the heated air give all itaheat 
to the water. 

" The furnace must be made in 
a tight cast-iron cylinder. Both the lire-door and the bole 
through which the blast enters must be quite tight, as the pros- 
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sure will be as strong in the lire-place as iti the ixiiliii 
whole of the air driveii into the fire-place, with all the steam 
raised by its passage up through the water in the boiler, must 
go into the cylinder. There will also be the advanti^ of tiia 
expansion of the air by the heat over and above what it was 
when taken cold into the blast-cylinder, 

" From the great quantity of coal burnt in hlast-furnaees you 
will find that a very small blast-cylinder would work a (i3-inch 
cylinder double. If there is as much heat in a square foot of 
air as in steam of the same temperature, the saving will be 
beyond all conception ; but for my own pHrt I caimot calculate 
from theory what the advantages will be, if any, and for tliat 
reason, before I drop or condemn the idea, I must request you 
will have the goodness, when you have an hour to spare, to turn 
your thoughts to this subject, and inform me of your sentimenta 
on it. 

"Perhaps it is like many other wild faucies that fly through 
the brain, but I did not like to let it go unnoticed without first 
getting your opinion. I hope you will excuse me for so often 
troubling you. 

"St, Ives plans will be delivered to them on Tuesday, when 
I expect they will be forwarded to you. 

"I hear there is a gootl course of ore in tlie adit ( 
Wlieat Providence Mine. 

'■A Mr. Sheffield, of Cumberland, writes to Mr. Gould tliat 
he has turned idle his air-furnaces, and smelted lils ores by a 
blast near a year since. 

" His fiiruace is but 10 feet high and 4 feet diameter, and it 
melts 28 tons of ore, of from 4 to 5 in the 100 per week, and 
makes a regel of fmm 65 to 70 in tlie lOU, and answers beyraid 
what we calculated for them. 

"Suppose a furnace 20 feet high and 4 feet diameter, it 
would smelt eight times the quantity of his, which would be near 
900 tons per month, or nearly double the quantity raised by any 
one mine in the country. The esi)ense of the . . . would 
be very trifling. 

"To-morrow Dolooath account will be held, when I exjiect 
to have orders to begin to erect a furnace on the sjiot. 
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'This trial of Mr. SheffielcVa has put it out of my power to 
get a patent, and now I do not know Iiow to get paid. 

"I should be content with 5 per cent, on the profits gained 
by this plan, and would conduct the haziness for the mines with- 
out salary. Should you chance to fall on the subject with his 
Lordship, be pleased to mention something about the mode of 
ray payment, as his Lordship is by far the properest person to 
begin with about my pay, for after his Lordship has agreed to 
the sura, and Dolcoath Mine the first to try the experiment, I 
think all the county will give way to what he might propose. 
But I wish sometliiiig to be fixed on before all the agents in the 
mines know how to be smelters themselves, after which I expect 
no favour, unless firet arranged, 
"I remain. Sir, 

*■ Your very humble ser\'aut, 

"RiCHAHU TREVITHICK." 

How great was tlie practical insight his genius gave 
him, aud bow iraperfuctiy his followers have acted on 
tliis advice given sixty years ago ! 

The chimney that at its top would ignite paper, 
threw to waste four and a half times more heated air 
than was requisite to supply the quantity of heat which 
passed through the working cylinder in steam, and at a 
temperature nearly four times greater than the tem- 
perature of the steiim, It needs only to ohserve the 
burnt appearance of a steamboat funnel of the present 
day to know how wasteful we still are, or how very 
ignorant of improved methods of economizing fuel. 

To prevent tliis waste of heat up tlie chimney he pro- 
posed to do away with the chimney altogether; the 
fire-place was to be a close one, having a blast under 
the fire-hars of a strength sufficient to force the air, 
heated by its passage through the fire, direct through 
a small valve into the water in the boiler, by which 
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means all tlie heat g^ven by igtiitiou would pass i 
tbe steam, and his steam-piiffer become an iiei-aa 
feteam-engine. 

From tbe followiug it appears tbat this plan 
^Xrevitbick's is now coming into ii-se as sometliiiig quite 
new : — 

" In your last impression, under the liead of 'Air and 
Steam combined, as a Motive Power,' you state ' the 
invention was described to be tbat of Mr. Warsop, but 
we have recently beard tbat a few 3-ears liack (1865) 
the same invention bad been protected in an earlier 
patent than Mr. Warsop 's, by Mr. Bell Galloway.'"' 

Trevitbick thought of patenting a plan for reducing 
copper ore by the use of a blast, in preference to tJie , 
usual air-furnace and cliimney, but something similar 
bad been tried by Mr. Gould, and he therefore proposed 
to erect a blast-furmice in Doleoath Miue, receiving a 
portion of tbe saving of fuel as his remuneration. Such 
a furnace worked there for many years, until copper 
smelting was removed from Cornwall to Wales. The 
plans for a breakwater at St. Ives were for an under- 
taking that has since been in many hands, but without 
success, except perhaps for the convenient making of 
members of Parliament. Some slight progress has been 
made by engineers and coutractors, but vessels are not 
willingly taken to tbe port, and ratepayers grumble aL . 
unprofitable harbour taxes, 

*' DeaU TliEVlTIIIC'K, " London, Juniuiiy 20lh, It 

" I have not lost niiy time in mentioning your 
reaijecting a compensation for the plan of smelting copper to 
Lord Dedunstauville, who intends mentioning the aSair in his 
nest letter to Mr. Rfvnolds. Lord Dedunstanvilie wishes yon 



' Sir tlic ' Mitlialiks' Ma; 



ic 3r.l, 1870. 
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extremef)' wi'U, but it is impossible I'or him to settle anything 
apnrt from tlie atl venturers. 

"1 am very sorry tliat anyone should have executed the plaa 
of reducing copper ore by a blast-furuace before j'oii had put 
into practice the idea suggested to me ten yejira ago. It ascer" 
taius, however, tliat the coutriv-ance will succeed, although you 
are certainly redufed to ask moderate terms, and I know not 
what can be more moderate than those you have asked, ext-ept 
that I would rt!Commeud some limit as to time. 

" Tlie plan you sugfjegt for an engine on ii new construction 
is, I fear, very doubtful. 

" According to the data furuiaheil to me, the uir in the blaet 
would be to that in a common fire-place as 6^ to 1 very nearly, 
jirovided their densities were the same; but you have measured 
one entering tlie furnace at the common temperature, and the 
other going to tJie stuck so hot as to set on fire a piece of paper 
held at the top. llius the increase of temperature that augments 
the elasticity of a fluid confined, would expand it in the aarao 
degi-ee. It is therefore uncertain from these statements which 
furnace eonaumes the greater qiumlity of air. I apprehend the 
general principles of on engine worked by hot air, tlirough the 
medium of a blast, would be as follows : — 

•' Let any quantity of air be driven into a furnace with the 
pressure of an atmosphere, and let it Iw there expanded ten 
times. It should then betaken off ten times as quick, but iu 
that case no power whatever would be produced, bo the external 
atmosphere would balance the internal. Now, let the blast be 
two atmospheres strong, and let them be expanded ten times, 
and be taken off ten times as fast, each stroke will be opposed 
by one, equal iu all to ten; subtract two for the blast, there 
remain eight. 

■' But air 80 hot would burn every vegetable or animal sub- 
stance, and such a furnace I suppose could scarcely be kept air- 
tight, if the heated air is made to act on water, then it becomes 
a mere question of how much absolute heat is {,'iven out by the 
fuel, and whether that excess is more than sufficient to com- 
pensate tlie burden of the blast; for the water will absorb an 
! quantity of heat in changing itself into steam, and 
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thus reduce the force of the air as to make it almost iiApossQ] 
for that addition to add bo much power as the blast takes 
away. 

"I have, therefore, qo heeitatioo in saying that this plan 

will certainly not do. Write to me by all means whenever 

anything strikes yon, and you may always depend on having 

my best advice. ^_ 

" I am, dear Sir, ^^M 

"Ever most truly yours, ^^M 

"Davies G:ddy." 

Trevitliick saw without apparent reasoning, while 
his friend's reasonings failed to make plain the ftill 
bearing of the questions, and so cramped the position 
as to make a change of front difficult — an operation in 
which Trevithick excelled. We learn, however, that 
in 1801 he suggested a bla.st in copper-ore furnacea, 
and iu 1811 was on the verge of a discovery tliat has 
since revolutionized the iron-smelter's art by the use of 
hot blast. Wasted heat from a blast-furnace 10 feet 
high led him to the conclusion that by doubling the 
height of the furnace, enabling the cold mineral thrown 
in at the top to take up the heat wasted tbrougli the 
top of the low furnace, seven-eighths of the coal would 
be saved. His idea of sending blast through the fiii^ 
nace of his steam-boiler to economize heat could have 
been readily applied to the iron furnace, and we should 
have had the modern hot-blast iron furnaces. ^H 

" Gentlemen, " lamborsb, March 5th, I8ia, 

"Your favour of the 15th February, with a sketch of 
your breweiy, I have received ; and from which I find the head 
of water if 3U feet above the hreweiy, which makes it dilHcnlt 
to erect the chniu and bucket* so na to lake advantage of the 
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'^whole height of water ; and as tlie stream is so very email, it 
will not admit of losing any part of the power. 

" To erect a nincliine so high, to engage the whole fall, wnnld 
be, i fear, more expense than the power you wonld get would 
warnint ; therefore I would recommend it to be made use of in 
a cylinder, in liie same way as we use falls of water of 200 feet 
ill our Cornifili cojjper mines. We allow one-third loss for 
friction and leakage in those machines ; but your machine being 
80 very small, the loss ivill exceed that pro}M)rtion; therefore I 
eannot promise you above one-half of the real weight and full 
to be performed on your machinery, and that must be by a 
well-executed machine, for a small defect wonld destroy the 
value of BO trifling a power. 

" As there is no expansion in water, it will be somewhat difii- 
eult to make the machine turn the centres with a fly-wheel, for 
if the valve shuts a little too early or too late for the turn of the 
crank over the centre, the fly-wheel's velocity must break 
iMimetliing by confining the water between the piston and the 
bottom of the cylinder, which, after the valve is shut, cannot 
make its escape, and not having an elastic principle, the piston 
will strike ns dead on the water as on a piece of iron, because, 
unless the valve is shut by the engine before the stroke is 
finished, it cannot shut at all. 

"I know persons who have attempted to put fly-wheels on 
pressure-engines of this kind, but never yet has one been made 
to work rotative. I do not see much difficulty in making an 
engine of this kind to woi-k a crank and fly-wheel, by connect- 
ing an air-vessel with the 'cylinder to receive the pressure and 
contract and expand and shut the valves, the same as in steam- 
engines, 

" A machine on this plan ought to be placed as near the low 
level as possible. If I furnish you with drawings and directions 
for the executing of the work yourselves, I shall charge you 
fifteen guineas for them. If I send the m&chine flnished, the 
charge will be 50?. 

" Your cbjections resjiecting steam-engines I do not doubt 
are correct, when executed by persons who do not understand 
tlie construction of them. In England some jiersoits privately 
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ererted my engine to evarlo the jmtent premium, but have 
severely puiil for their saving knowledge by scciilenta and 
defects in their engineering obility. I have erected above 100 
steam-engines on this principle, but never met with one accidsnt 
or complaint againi^ them. To prevent mischief from bad 
castings, or from the fire injuring the anrface of cast iron, I 
make tlie boilera of wrought iron, and always prove them with a 
pressure of water, forced in equal to four times the strength of 
eteam intended to be worked with. 

"Some persons have worked those engines under a pressure 
above 100 lbs. on the s(]uare inch, but in general practice I do 
not exceed 20 lbs., finding under this pres.sure the piston will 
stand six or eight weeks, and the joints remain perfect, and no 
risk of bursting the boiler, it being made of wrought inm, aud 
proved by pressure before sent off; but cast-iron boilers mny. 
by defecta not discernible, and are very apt to break by the 
water being left low in the boiler, and if heated red hot, explod- 
ing without the smallest notice ; but wrought-iron boilers, when 
defective, give way only partially, without injury to anyone. 
With respect to the erecting and management of the ongine, 
yon need not have an engineer, for any common tradesman can 
do this ^)m the drawings and directions sent with the engine; 
for, as I before informed ynu, farmers and their labourers set up 
and keep in order the thrashing-machine engines without my 
going on the spot or sending any person to assist them. I 
never saw a stcamrengine rolling malt, therefore cannot judge 
tho quantity the engine would roll, only by a comparison with 
horse labour, against the consumption of coal, which will be in 
some cases as about 42 lbs. to one horse ; but where great speed 
is required in the machine, the coal will be leas, as ste-am- 
engines make more revolutions in a minute than horse mills, 
therefore the work is done with less friction. 

"I have several times applied the steam, after it has workml 
the engiue, to boil water aud other purposes, with as good effect 
as if the engine hatl not been there, therefore the work of the 
engine willbe a clear profit. 

" You say about a l-liorse engine. The boiler would be so 
email that it would not be worth applying that steam to anf 
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: piiriTose, as any large quantity of water would bfi but 
slowly heated. 

" I find that it does not answer either the purpose of the 
vendor or the user of iin engine, to make less than a 2-horse 
power, as the expense on a very ainall engine is nearly na ranch 
03 one of the power I tiae for thrastiiug, those being only SO/., 
and a 2-hor8e is 60?, Respecting the mashing with steam, I 
never before beard of it, bnt from the theory of the plan I think 
it cannot fail to answer a fur better purpose than any other that 
can possibly be applied for extracting the essence of the malt. 
However, should it not answer your purpose, it is only the loss 
of the expense of a few yards of 1-inch lead pipe. 

" In an engine of the size used for thrasliing, if tlie fire is 
kept brisk, it will lioil, by the steam sent into a separate vessel, 
near 300 gallons of water per honr. 

" Tlie room required to work in is about 7 feet diameter, and 
12 feet high. It would be useless to put you to tlie exjK-nse of 
drawings, until you have made up your minds on what you 
intend to have done. 



" I remain, Gentlemen, 

" Your most obedient humble servant, 

"lilCaAIlD TliEVITHtCK. 

ii HoDtS9o!i AND BucHAHAK, lirewups, 
" hondonderry, Irrlaad." 



general information witliout charge, or g'ive siicli a 
variety of practical mechanism fllightly but clearly 
flescribed, and principles reduced to practice. An 
endless cbaiii with buckets is a form of water-wheel 
not then in use. A water-pressure engine for so small 
a quantity of water, with a fall of about .30 feet, 
would cause a loss of 50 per cent, from friction and 
small defects. The non-elastic character of water 
tnade it unsuitable for a machine requiring a fly-wheel. 
Air-vessels should be used to lessen the rigidity of 
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water. Cast-iron boilers dangerous. Wrought- 
boilers to be tested with a water pressure four times as 
great as the prnposed working steam pressure. A 
steam pressure of 20 lbs. to the inch most suitable for 
engines in charge of inexj^erienced persons. The 
brewers' mash tub to be heated by the waste or siirplm 



[Roi^b draft.] ^H 

" GeHTLEUBK, " Camborse, Decemhtr 5th, 1812. 

" I have yours of the 20th November. The letter yon 
directed for Truro never came to hand. I find by your letter 
that you have been trying to pnt into practice the hint* I gave 
yon about tlie chain and buckets, and that you expect it will 
answer if properly executed. Yon are not the first that has 
picked np my bints, and stuck fast in tlu-ir execution. I make 
it a rule never to send a drawing until I have received my fee, 
and when you remit to me fifteen guineas I will furnish you 
with proper drawings and directions to enable you to make and 
erect the machine. 



" I remain. Gentlemen. 

" Your very humble 8e^^'an^, 

"Richard Trktitbi 

ASD BrcHASis, Brpwtis, 
" LunJuiflerry." 
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What a pocket encyclopa'dia of inventions ! from 
which, as by stealth, Robinson and Buchanan selected 
the least applicable, declining a suitable stenm-engine 
at a very small cost, rather than jiay an engineer for 
his opinion. 

[Hoilgli draft.] 

" Camborse, April 2fS/ft, 1812. 

" Sir Chakles HAWRms, Bart^ 

" Sir.— I have received yours of the 7th, respecting the 
small breakwater at St. Ives. As far ns I can judge from a 
rough calculation, I think it an undertaking likely to pay well ; 
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as you wished me not to mention anylliing about yonr 
intentions, and not receiving your orders to make a minute 
inquiry and estimate, I cannot answer your letter so fully aa I 
sbould wish, fearing that giving a random and imperfect state- 
ment might be apt to lead you into errors, and alao make me 
look simple. If an engineer were employed to survey and esti- 
mate after me, every information in my power is at your 
aervice ; therefore be pleased to state particularly what informa- 
tion you wish, and I will attend to the business and answer your 
questions as early as possible. 

" I liave received a letter from Sir John Sinclair requesting 
correct drawings and statements of the tlirashing engine to be 
forwarded to tlie I'resident of tho Board of Agriculture, which I 
shall attend to. He alao says that he lias sent my letter to the 
Navy Board, in liopes f liat the experiment of propelling vessels 
by steam may be tried uEtder its sanction and expense. 

" Perhaps it miglit be proper to wait the answer of the Navy 
Board before writing to Mr. Praed about propelling the canal 
boats. I am very much obliged to you for writing to Captain 
Gundry, about the Wheal Friendship engine. I expect to 
have a portable steam-wlifm and stamps at work at my own ex- 
pense in a few days, which will prove for itself its utility ; that 
being the oidy way to introduce new things. I would be very 
much obliged to you to say if Mr. Halae is to pay me for my 
past attendauce at St. Ivea about the breakwater. Enclosed 
you Iiave a letter to Sir John Sinclair, unsealed for your inspec- 
tion, which, if you approve of, please t« forward. 
" I remain. Sir, 

" Yimr very humble servant, 

"IIlCHARD TrEVITHICK." 



Trevitiiiek's skii] did uot prevent his being reason- 
ahiy modest,, or cause liini to be envious of others; 
neither did his dear-bought experience, that one's own 
pocket must pay for making public one's own inven- 
tione, prevent his again soliciting the assistance of 
persons of influence, thougli it does not seem that 

VOL. II. 
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Mr. Praed helped forward the screw-propeller, or that 
Sir John Sinclair gave direct help, though he probably 
made Icnown the high-pressure ateam-engiiie to the 
marine experimenters on the Clyde. ^^M 

[Rough draft.] ^| 

" Mr. RaSTBICK, " Cambohnr, D-xember Hh, 1BX2. 

" Sir, — I have been wiuting your answer to ray last, and 
especially that part respeeting the West India engine, as I have 
not not could not answer their letter to me without first hearing 
from you ; therefore must beg you will be so good as to aDswer 
me by returo of post on that subject. If they get impatient 
about the time, and refuse to take the engine, I have no doubt 
the Plymouth people will take it and several others; liut I 
very much wish to send one to the West Indies, as there is a 
large field open there for engines of this kind. I have received 
an order for a thrashing engine for Lord de Dunstanville, of 
Tehidy; mid as I wish those thrashing engines to be known 
through the country, I intend to take one of the engines ordered 
for Padstow and send it to Tehidy. One of the Padatow 
farmers can wait until you make another for him. There- 
fore I would thank yon to send the first finished by ship from 
Bristol for Portreath or Hayle. Send a drum with everything' 
complete, of which yon are a better judge thim I. Probably 
about 3 feet in diameter and .^J feet long will l)e sufiieient^ 

" Tliere must be a fly-wheel with a notch to carry the rope, 
and also a stnalt notch-wheel on the druiu-axle. I think 6^ feet 
diameter for the fly, and 9J inches diameter for the small wheel, 
will give speed enougli to the drum. Mind to cast a lump, or 
screw on a balauce, of about 1 ewt., ou one side of the fly-wheeL 
There must be two stands ou the boiler, and a crank-axle, or 
otherwise a crauk-pin, in the fly-wheel, whichever you please; 
with a shaft 3 feet long with a carriage. 

"The engine is to stand in a room under the bam, abant 
TJ feet high, 7 feet wide, and 14 feet long. The fly-wheel will 
stand across the narrow way of the room. The rope will go ap 
through the floor, and the drum be shifted by a screw, hori- 
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ibntftlly, oil tlie Imm (loor, so ne to tiglileu the nspe. I sluill 
put down the top of the boiler level with the surface, wilh an 
arched way to the lire and ash-pit under ground, to prevent the 
ehituce of fire, winch the farmers are very much afraid of. I 
send you a sketch showing how it is to stand. 

" I do not bind you to the size of the drum or whoelfl, only 
the room that the fly-wheel works in is hut 7 feet wide. 
" Now to Mr. Riehtirda' mill. 

" Query 1st. — The length of the piston, and the small variation 
tlmt the beam will give it, is so trifling tliat it will not be felt, 

"The cylinders tlmt have been working on tlieir sides for 
seven years past, are now working as well as any engine with 
upright cylinders, which is a proof tlmt the b'ttie rubbing is of 
no consequence. 

" Query 2nd. — The pa-ssage in the cock is equal to the passage 
we make in our large engines, which is only one-fortieth part of 
the piston ; and as we shall work with high steam, we do not 
mind the pressing through the steam-passage ; and as the steam 
will be very much expanded, it will not bo felt in the passage 
to the condenser. I know where we have removed cylinders 
and put larger ones on the same nozzles and condensing work, 
and the engines did good duty. 

" Query 3rd. — I find by experience that if you give double 
the quantity of injection to an engine one stroke, and none the 
other, that the quicksilver in the gauge will stand nearly 
the same ; the cold sides of the condenser are sufficient to work 
an engine a great many strokes without any infection, 

" Query 4th. — You may put a hanging to the air-pump 
bucket, and foot-valve ; either that or a rising one will do very 
well, but I think the rising cover and wood face on the top, 
b.>st. 

" Query 5th, — The air-pump bucket is large enough. At 
Wheal Alfred they have a 64-inch cylinder; the air-pump is 
20 inches, and the stroke is half tliat of the engine. They were 
afraid that it was too small ; they then put another of 14 inches 
by the side of the first, the siime stroke. The quicksilver tube 
stands as high with the one 20-inch bucket as with the two 
buckets; the engine works Ix'st with the one bucket. 1 have 
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ftmii'l by p-xpf rience that size to be sufficient, and (especitJ 

an engine thnt works quicklj-) nmke the cistern high enough to 

cover the condensing work well with water. 

" Query 6th. — My reason for making the forcing pump with 
duck-valves is, biicanse they do not hum like the others, and 
we find them seldom out of reiwir ; hut make it whichever way 
you think best, and work it in any way you like. 

" Query 7th, — I mean by J expansive, that the steam is to be 
shut off from the cylinder when the piston lias moved up from 
the bottom one quarter of its stroke. Make the cam to yoni 

" Query 8tli. — I do not think the engine will require a 
heavier fly-wheel, as the stones will act aa a fly, &ad the power, 
though so very irregular, will be si) sudden in its chajigee, that 
the speed of the machinery will not let it be felt. If you moke 
a crank, you may make the fly-wheel 3 or 4 feet more in 
diametor. But if with a pin in the fly-wheel, the beam would 
come down on the tflp of it ; therefore, I think it will be better 
to put a crank, and put the fly-wheel in the middle of the 
shaft. 

" Query 9th, — The steam will be raided to 25 lbs. to the inch 
above the atmosphere, or 40 lbs, to the Inch on a vacuum; but 
I think you need not calculate for mucli more strength on that 
ac^oimt. It is not the power that breaks the machinery, but 
bangs, and not the imiform weight that this will give. 

" Query 10th. — Twenty strokes per minute I propose, which 
I think a fair speed. 

"Query 11th, — Thefire-barsmust be of wrought iron; we find 
them answer much better than cast iron. Let them l>e Iths of 
an inch from bar to bar, 1 inch thick at the fop, |ths nf an inch 
at the bottom, 2 inches deep, 4 feet long, with bits on them at 
the endsj to prevent their getting too close together. 1 find 
the nearer the fire is to the door, the better and handier it 
is to work. Ail the large engines are in this way, and we do 
not fiud the door or front plate get hot, as they are lined with 
brick. Cast the door with a rib to hold a brick on its edge. 
Tube, 2 feet 9 inches by 1 foot II inches ; manhole, 15 by 10 
inches. 
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"Query 12th. — A governor willbe required ; perhups lis gufjd 
a jdacu as any for it, out of tlie way, will be on tlie east iron 
that earries tlie bt.'ani ; you may turn the fly-wheel whichever 
way you please. If thia engine is worked with stenin of 25 lbs, 
to the inch above the atmiiapbere, and the steam shut off at 
one-twentieth part of the ascending strobe of the piston, the 
power will be as three is to two of Boulton and Watt's single 
engines. ' , 

" Only two pairs of stones for the present, but calculate 
those stones to stand in such a way that another pair may 
be placed, on a future day, if wanted. I have not seen Mr, 
Riehnrds lately. I wish you to write a form of an order, in 
your next, such as you wish, and I will get him to write to you 
accordingly. Put the engine and drum for Lord de DunstanvOle 
out of hand neat and well, as it will he well paid for ; and 
make the stands, &c., in your own way. 

" Rd. Trevithick." 

Mr. Richards' flour-mill englue may claim to be the 
firat practical smoke-burner: keeping the fire much 
thinner at tlie inner end of the grate-bars than at the 
fire-door end of the grate, allowed of the freer passage 
of air through the thinner layer of coal, near the fire- 
bridge, causing the combustion of the passing gas. 
This idea has, since the date of Trevithick'e letter, led 
to several smoke-burning patents. The boiler fire-tube 
was oval, 2 feet inches by 1 foot 1 1 inches. The 
open-topped cylinder was supplied with a heavy and 
deep piston serving as a counterweight, and also as a 
guide in the cylinder for correcting tlie angle of the 
connecting rod. Experience had taught him that the 
cold sides of the condenser were sufficient to work an 
engine a great many strokes without a supply of injec- 
tion ; and lie had already used high-pressure steam of 
25 lbs. to the inch above the atmosphere, cut off from 
the cylinder wheu the piston had performed one quarter 
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of its course : thus both these things were as first std^| 
leading to the modern expansive steam-engine and Ot^M 
fa,ce coudeneation. ^H 

The simplicity of the engine is remarkable — a blgii^ 
pressure, expanfiive, condensing engine, worked by a 
single four-way cock, without cylinder-cover, or parallel 
motion. 

The low first cost, and non-liability to derangement, 
were always kept in view ; and his confirmed experi- 
ence in the satisfactory working of horizontal cylinders 
prior to 1812 illustrates their extended application; 
for at that time scarcely any other engineer had con- 
structed other than upright cylinder engines. No detail 
escaped his observant gaze. The fire-bars were to be 
2 inches deep, 1 inch thick at the top edge, taperel to 
|thfi of an incli at the bottom, giving the required 
strength, with free room for air, which in its passage 
cooled the Ijar, carrying the heat into the fire. Years 
before and after that period the fire-bar in common use 
by thoughtless jieople was a square iron liar that waa 
always burning and bending. 

Tlie letter is descriptive of tlie high-pressure steam- 
engine in the sixteenth year of its age; and its expan- 
sive steam, made practical by Tievithick'w high-pressure 
boilers. This engine only took steam during the first 
quarter of its stroke, the remaining three-quarters were 
by the expansion. Had it taken steam only during one- 
twentieth of its stroke, it would have been more power- 
ful than Boulton and Watt's low-pressure steam vac aom 
engine of the same size. 

[limigli rlratt.] 

" Sib "Cambobse, November 8(A,18) 

" I have your favour of the 3rd in=t., informing nie that 
MesBTg. Fox aud Williams Imve ongaped to quarry the stone for , 
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tlie breakwater at Pljnioiith, but does not say whetlier you Iiold 
any sbitre witli them in tlie contract or not. Therefore I coimot 
understand from your letter wliether you wish to see an euginu 
fitted to the purpose of the breakwater, or for pumping the 
water from tlie foundations of the Exeter Bridge. Please to 
inform me whicli of tlie two purposes you wish to see the engine 
tiitlculated for, and about what time you think you shall waut it, 
and I will get one tinisht'd suitable to the purjwse you intend 
it for. 

" Yours, &c., 
. "Jab, Gbern, Vxh., W. Danul'i Hill, ExHrr. '< J{, T. 

** N.B. — To what extent have Messrs. Fox engaged, and what 
parte of the work do they perform ? I think more good might 
be done by loading, carrying, and discharging, thau by quarry- 
ing only." 

Trevitliick was equally ready with the application of 
Bteara-power either for pumping of water or for boring 
and removiug rock. The use of chisels and rock- 
breakers in the Thames in 1803' had prepared the 
way for the more perfect engine for boring, lifting, 
and carrying rock from the quarries to its destination 
at the Plymoutli Breakwater in 1812.° 

" Sir, " 106, HoLBoKN Hu.L, A'oiremif 26(*, 1812. 

" I nia in receipt of youra of the :^2iid inst. Mr. Giddy 
informs me tiiat Mr. Fos and Mr. Williams are lo have '2s. (id, 
per ton for making the breakwater at Plymouth, and he con- 
siders that they can do it fur 2a., which he thought wuuld give 
them 5l>,000^. profit. If you meet those gentlemen, I have to 
caution yott not to leatRN them anything until you make a 
bargain, as I know Mr. Williuuis will endeavour to learn all he 
can and then you may go whistle. 

" If Cd. per ton will give 50,000/. profit, a halfpeuny per tou 
would give upwards of 4000/. Would they agree to give you 
that for your labour only ? However, this will depend iu a great 

' S[« SlunubiTukiT ul' 1803, ml. i., p. 231'. 
' Svn Su-iitu-criinc, vul. i., [i|i. 1(J2, 274.. 
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metieiire on the time it will take in doing. If it tflkcg eight 
years it would be 500/, a year fur you (according to Mr. Giildy'a 
calculation), 

'■ Your woll-wifilier, 

" Henkv Habvb 



Mr. Harvey knew Trevithick's weakness in money 
matters. Rennie Iia*l been employed to report on the 
proposed Plymouth Breakwater, and in 1811 was de- 
sired by Lord Melville, the bead of the Admiralty, to 
proceed with the work. "The price paid in 1812 for 
taking and depositing nibble in the breakwater was 
2s. dd. per ton ; it was afterwards reduced to Is. per 
ton. A piece of ground was purchased from the Duke 
of Bedford at Oreston, up the . Catwater, containing 
25 acres of hmestone, well adapted for the purposes of 
the work ; and steps were taken to open out the quarry, 
to lay down railways to the wharves, to erect cranes."' 
The idea of the plan to be followed iu conveying stone 
with greater economy and dispatch than was contem- 
plated by Rennie, originated with Trevithick, while 
the former received the credit and the pay, as he before 
had done with the steam-dredger. 

[UoQgfi dnirt.] 
"Mb. Fox, Jun., "Ct.MB0SSE,J-muar!f2Stl,, 1813. 

" Sir, — Since I was at Roakrow I have been making 
trial on boring lumps of Plymouth limestone at Hayle Foundry, 
and find that I can bore boles five times as fast with a borer 
turned roimd than by a blow or jumping-doi^n in the usual way, 
and the edge of the boring bit was scarcely worn or injured by 
grinding agaiuat tlie stone, as might have been expected. I 
think the engine that ia prei)aring for tliia purpose will bore t«ji 



' ■ Lives of the Eoginwr!',' liy Smiles, vol. i 
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Loles of2i inches id diameter 4 feet deep per honr. Now 
suppose the engine to stand on the top of the cliff, or on any 
level surface, and a row of holes bored, 4 feet in from the edge 
of the cliff, 4 feet deep, and about 12 inches from hole to hole 
for the width of the piece to be brought down at one time, and 
wedges driven into the holes to split the rock in tlie same way 
as they cleave inoorstone, only instead of holes 4 inches deep, 
wliich will cleave a moorstone rock 10 feet deep when the holes 
arc 14 or 15 inches apart, the holes in limestfiue must go as 
deep as you intend to cleave out each stope, otherwise the rock 
will cleave in an obliijue direction, because detached moorstono 
rocks have nothing to hold them at the bottom, and split down 
the whole deptli of the reek. In carrying down a large piece of 
solid ground the bottom will always be fast, therefore unless it 
is wedged hard at the bottom of the hole tlie slope cannot be 
carried dowu square. In a hole 2^ inches 
diameter and 4 feet deep put in two 
pieces of iron, one on each side of the 
liole, having a roimded back, then put a 
wedge between the two pieces, wliich 
might be made thus, if required to wedge 
tighter at the bottom of the hole than at 
the top. 

" If this plan answers, tlie whole of the stones would he fit for 
service, even for building, and would all be nearly of the same 
size and figm-e. Each piece would be easily removed from the 
sjmt by an engine on a carriage working a craue, which would 
place them into the ship's hold at once. It would all stand on 
n plain surface, and mif;ht be had in one, two, three, or four tens 
in a atone, as might best suit the purpose, which would moke 
the work from beginning to end one uniform piece, Steum 
machinery would acwjmpliah more tlian nine-teutha of ull the 
work, besides saving the expense of all the powder. I find that 
limestone will split much easier than moorstone, and I think 
that a very great saving in expense and time may be made if 
the plan is adopted. 

" Please to think of tliese hints and write me when and where 
I may see you to consult on the best method of making the 
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tools for this purpose before I set the workmen to tuuke them. 
Any day hiII suit me, except Monday, tlie 8th of February. 
The sooner tlie better, as I cannot set to work to make the tools 

nntil we have arranged the pUn, 

" I am. Sir. jH 

" Your huNibk- servant, ^^| 



Tlie successful completion of the Mont Cenia Tunnel 
ill 1871 was mainly due to an ingenious application of 
combined mechanical force to boring tools, before limited 
to man's strength ; but the applied principle existed 
sixty years ago, and though not so perfect in detail, yet 
more comprehensive. Trevithick'a high-pressure steam 
boring engine enabled him to penetrate the rock five 
times as fast as the quarryman's power. Ten holee, 
2^ inches in diameter, 4 feet deep, could be bored in an 
hour, and he sagaciously suggested that in quarrying 
the limestone for the breakwater, a row of boles should 
be bored by his engine 4 feet in from the face of the 
rock, 2i inches in diameter, 4 feet deep, and 12 inches 
apart; and by dropping into each hole two half-round 
pieces of iron, Uy be driven asunder by a steel wedge, 
large blocks would be forced oft' without the use of gun- 
powder. The high-pressure steam-puffer having bored 
the stone, moved itself toward tlie broken mass, lifted 
it into waggons, and again changing its powers from 
steam-crane to steara-locomotive, conveyed it to the 
port, and lifted it into the ship's hold. The whole 
operation wan thus aptly described by the inventor, 
who then counted on contracting for the breakwater 
work: — "Steam machinery will accomplish more than 
nine-tenths of all the work, besides saving the expense 
of all the gunpowder." 
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[llotigh draft,] 

i*^MB. Robert Fox, Juil., " Camrobne, February ilh, 1HI3. 

— Sini'e I was with you at Falmouth I have made 
n trial of buritig limestonp,.ancI tind that tho men will bore u 
hole 14 inch iu diameter 1 inch deep in every miniit«*, wilh a, 
wfight of 500 lbs. on the bit. I liiid no lump more than 
12 inches deep; but to that depth I fouml that having a flat 
stem to the bit of the siime width as the diameler of the hole, 
twisted like a screw, completely discharged the powdered lime- 

mftcae from the bottom of the hole without the least incon- 

P^enienee. 

" From tlie time the two men were employed boring n hole 
12 inches deep, I am convinced to a certainty that tho engine 
at Hayle will bore as many holes in one day eib will be anlficieiit 
to split above 100 tons of lime.'tone, and would draw that 
100 tons of stone from the spot and put them into the ship's 
hold in one other dny. The engine would burn in two days 
15 bushels of coal, four men would be sufficient to attend on tlie 
engine, ctc-ave the stone, and put it into the ship's hold. I 
think it would not amount to above 9d. per ton, every expense 
included, but say Is., which I am certain it «ill not amount to. 
Perhaps it may not be amiss to withhold the method of exe- 
cuting this work until the partners have more fully arranged 
with me the agreement as to what 1 was to receive for carrying 
the plan into execution. I do not wish that anyone but your 
father should be made acquainted with the plan, and have no 
doubt he will have sufficient contidence iu the scheme to adopt 
it, I shall be glad to hear from you soon, as I intend to go to 
Padstow in a few days and shtdl not return tmder a fortnight. 
" Your humble servant, 

'■ IiD. TliEVlTHKK. 

N.B. — I this day received a letter from Mr. Gould, request- 
ig to know what the expense of an engine and apparatus would 
learing Falmouth Harbour, which I have sent by the 
Mt." ' 



Kc letter, -tth Feliniary, 1813, vol. i., 11, '248. 
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It bad been and still Is tbe custom to bore 
either with a long and heavy jumper-chisel, lifted a 
foot or two, and falling by its own weight, pounding to 
powder a portion of the roct, or by the use of a much 
smaller chisel called a borer, struck by a hammer. 
Trevithick having made his steam-engine perform those 
jumper and borer movements, turned his attention to 
the improvement of the borer, and found that a re- 
volving bit was more suitable for drilling limestone 
than the borer-chisel. The powdered stone was re- 
moved from the hole by giving a screw form to the 
stem of the bit. Many years afterwards precisely simi- 
lar bits for boring wood were patented as new things, 
and are still used. Within five months of his first coiu- 
mmricatiou with the contractors for the Plymouth Break- 
water he had designed and made an engine to bore, lifl, 
and convey to the ship's hold 50 tons of stone dailyi 
less than half the cost Rennie was then paying for i 



[Roiiyi. dmfi.] 




lailp^H 



" Slit, " t'A.MniinsE, Ftbniary 4W, U 

" I have your letter of the 31st January requesting'^ 
know tliG time in wliicli tlie engine will be ready for tlie bridge 
at Exeter, and also about giving an additional power to it. 

" The engine shall be ready in six weeks from tbe end of 
January, and shall bo capable of lifting the 10-inch bucket you 
ordered instead of tbe !)-iuch before proposed, which was 
tn liave delivered 500 gallons of water 12 feet high per minute ; 
but now the engine shall be made to lift in tbe same proportion 
aa a 9-inch is to a 10-inch bucket, which will be 617 gallons of 
water per minute instead of 500 gallons, as was before agreed 
on, and I shall charge you accordingly. I observe that you 
have ordered the pump, and from tlio description yon give of 
it, I think it will answer very well. If you wish a perpendicular 
cylinder instead of a horizontal, I can construct it in that way, 
but it will not be so convenient for a portable engine. I have 
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I now oiiginos with horizontal cylmdera at work above tcu yeara, 
I and find them answer equally a^ well as a pt'rpeudiculur 
I Bjliiider. 

" I remain, Sir, 

" Yoar very humble servant, 

" Rtchd. Trbvithick, 
" Jas. Ghekk, Eai-, Ej-Hcr." 

Engineers nowaday are not in the habit of designing 
and constructing a ateam-engine in six weeks, or willing 
to alter the agreed form from the horizoatal to the ver- 
tical without charge. 

[Rough draft.] 

*' Mr. Robert Fox, jun,, informed me the other day tliat you 
had the sole direction of tlio work at Plymouth. Had I known 
it at the time you were at Scorier I should have communicated 
to you my ideas relating to the application of machinery there ; 
hut until a few days since I had an idea that the young Mr. Fox 
was about to take an active part in the management, which I 
now find was never his intention, only he very nniuh wishes to 
Ijave an experiment tried to see to what extent an engine was 
capable of" performing as against men. An engine is now pre- 
paring for that purpose." 

m" Silt, " Cambobne, Ftbman/ 24(A, 1813. 

I " On my return from Padstow this evening, where I have 

' been for the last fortnight, I found your letter of the 11th insf. 
respecting the getting an apparatus ready for the Plymouth 
undertaking. Before I set about it I wish to see yon and 

I iir. Fox, and will call any day you may appoint. Waiting your 

" I remain, Sir, 

" Your very humble servant, 

'• R, Trevithick, 



After three months of experimental scheming, with- 
iBUt a thought of keeping bin iuveiitions secret, Trevi- 



V.UIIOl'R INVENTIONS, 



tliick for a iiiomeiit became worldly wise, and nskedilj 
n writteu agreement before sending his locomo] 
boring engine to the breakwivter. 



" Mr. Fox, 



" Cayhoiink, U(h Marrk, 18^ 



" Sir, — I expect to bo called to London immediately 
after tlie end of tliia moiitli. The engine with the boring 
apparatus for Plymouth remains at Redruth, i veiy much 
wish to see you on thai l»usine,is before I leave home, and would 
be much obliged by your dropping me a note by post, saying 
wlint day it would be oonveriieut for me to wait on yon. 

" R. T." 



m 



The rock-boring machine was completed, and read 
the breakwater two months after his interview with the 
Foxes, who were prominent in the quarrying work. 
" The engine for Plymouth will be put to break the 
ground aa soon as I can find time to go tip there."' It 
was impossible for any one man, single-banded, to raake 
perf(!Ct such numerous practical inventions as were un- 
dertaken by Trevithick at that time. His letter of a 
few months before* reveals the facility with which he 
mouldud the steam-engine to hie requirements. " The 
plongliing engine that I sent you a drawing for, after 
being used for tliat purpose, was to have been sent to 
Exeter for pumping water. I have been obliged to 
take the small portable engine from "Wheal Alfred 
Mine, and ha\e a new apparatus fitted to It for Ply- 
mouth Breakwater. A small engine which I had at 
work at a mine I have been obliged to send to the 
farmers for thrashing." Messrs. Fox would probably 
require many engines for the Plymouth Breakwi 




Trevithick's leltcr, May 20, 1813, cbap. 

See iPtter m Mr. Itnstrick, .Innimry 26, 1813, chBji. 
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liaving' engaged with (rovemment to deliver three 
million tons of stone ; and to prevent delay, the boring 
apparatng wan applied to an engine made for another 
purpose, while drawings for a new and more suitable 
engine for boring stone were sent to Mr. Riistrick. 

He engaged that an engine should bore holes to split 
100 tons of limestone a day ; and that on the following 
day it should, as a locomotive and steam-crane, load 
that quantity in waggons, convey it from the quarry 
to the port of shipment, and then by steam-crane place 
it in the hold of a vessel. The whole of the work to 
be done hv 11 cwt. of coal and four men. The gross 
cost would be Is. per ton for breaking and removing, 
though at that time Mr, Rennie was paying 2«. 9d. a 
ton, which in after years was reduced to Is., juat what 
Trevithick said was a fair price. 

While this ready application of the high-pressiire 
steam-engine was going on in England, it had also 
extended to, and was coining money in the Mint at, 
Lima, where Trevithick contemplated going to look 
after it, intending t^ land at Buenos Ayres, and make 
his way across the continent of South America and the 
mountains of the Cordilleras as best he could, leaving 
the home field he had made so fertile to be reaped by 
others, and the atoue-boring locomotive to be forgotten 
for many years. 

[U.mgh drnft.] 

" Sirs, " Pknzanck, Prrfmber flfA, 1S15. 

" Your very great neglect in not wriliug .... Herlaiid 
engine will work, I expect, in about fifteen days. It is a 
pinnger of 33 iuclien diameter, 10-feet stroke, with s. double 
packing around the top of the plunger-pole, in the same way as 
the steam is turned into the stuffing box of a double engine to 
exclude the air, onlv there is a small tube from the bottom of 
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the boiler to the middle of the stuffing box to preveDt the 
escape of steam. 

" I am Borry to find by Mr. Uville'a letter that the Mint 
engine does not go well. 1 wish you had put the fire under the 
boiler aud through the tube, as I desired you to do, iu the usunl 
way of the long boilers ; then you might have made your fire- 
place as large as you pleased, which would have answered the 
purpose and worked with wood just as well as with coal. I 
always told you that the fire-place in the boiler was large enough 
for coal, but not for wood ; also if you found that the cock did not 
open and shut in proper time, to make the gear to it work the 
same as the Dolcoath piift'er whim-engine instead of the circular 
gear. The boiler is strong eiiongh and large enough to work 
this engine with 30 lbs. to the inch, thirty strokes per minute. I 
hope to leave Cornwall for Lima about the end of tiiis month, 
and go by way of Buenos Ayres, and cross over the continent of 
Sonth America, because I cannot get any other passage. None 
of the South Sea whalers will engage to take me to Lima, as 
they say they may touch at Lima or they may not. Unless I 
give them an immense sum they will not engage to drop me 
there. To be brought back to England after a two years' voyage 
without seeing Lima would be a very foolish trip. To make a 
certainty I shall take the first ship for Buenos Ayres, prepara- 
tions for which I have already made." 

This unfiuishetl rough draft was intended for one of 

Lthe men who had gone to Lima, less fruitful in emer- 
gency than Trevithick, who, without a moment's hesi- 
tation, would have constructed a fire-place outside the 
boiler, when the internal tiibe fire-place was found to 
be too small for a wood fire. Trevithick's proposing 
sixty years ago to make his way over the almost uu- 
known track from Buenos Ayres, on the Atlantic, to 
Lima, on the Pacific, was perhaps characteristic of his 
daring spirit, that turned all things to good account; 
but he dreamed not that his grandson and njunesake 
would at this time Ite conducting the steam-horse on tiw 
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same line of march on the Central Argentine Railway 
from Rosario to Cordoba, in the Argentine Republic. 

[Itoilgh drsft.] 

r Gentlemen, " (.■amuomne, Juguit i9(t, isis. 

" I received yours at Briilgeiiorth of tbe 19tli July, 
ordering a steam-engine for rolling eugar-cane. I immediately 
set tiie founderg to work on one for you, wliicli is to be ready 
by my return to liridgenortfi about tbe end of September. I 
intend to sbip it for BriBtol, and will call on you on my journey 
down to Cornwall, as I intend to set it to work at Bristol for 
your inspection before it is put on board ahiji, Tbe price I 
cannot accurately say at present, fis the engine now mflking is 
on a new principle ; and as it will be more simple in construction, 
I hope to be able to render it within tlio price before stated to 
yon. As it is on a new plan I cainiot fix the price until I know 
tbe cost of making. All I can say at present is that it shall not 
exceed what 1 stated to you in my former letter. 
" I remain, Sirs, 

" Your bnmble sorrant. 

B' " Rd. TREVtTnlCK. 

P- "HKBBaa. PiJisEYB AND AWKa, Bristo/." 



The engine for the sugar plantations in Jamaica, on 
an improved plan, was to be constructed in the short 
space of six weeks, and if a saving in cost was efl'ected, 
the inventor would hand the whole nf it to the pur- 
chaser. 

[liough draft.] 

" g|B, " rKKZANCB. COHNWALL, Mnnh 8l/i, 181U, 

" I received your favour of the 2."(tli January, but did not 
answer it in due course, because I was thou erecting a very large 
engine, which is the first on a new plan. Tliis engine, which 
has been at work about a month, performs exceedingly well. 
Tbe cost of erection aud tbe consumption of coal are not above 
one-third of « Boulton and Watt's, to perform the wime wort^ 
VOL. tl. I 
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An engine of 4-horee power will not require a space of more 
tban 5 feet liigb, 5 feet long, and 3 feet (i inclies wide. In some 
instances I employ a balanced wlieel 5 feet in diameter. The 
water reqaired will be a pint anil a lialf per minute. Tlie coal, 
one quarter of a bushel or 21 lbs. per hoiir. The price of a 
macliine, finished and set tn work, 100 guineas. It does not 
require either wood or masoo work, hut stands inde|)endeiit of 
eyery fixture, and may be set to work in half an hour after being 
brought on year premises. 

" Your obedient servant, 

" RroBD. Trevithick. 

" Dr. Moore, M.U., Exeter." 

A 4-hor8e-power portable high-pressure steam-puffer 
engine cost 105/., with internal fire-tube and machinery 
attached to the boiler, ready for work In half aTi liour 
after lighting the fire, consumed 21 lbs. of coal aud 
11 gallons of water for eiioh hour's work, at a cost of 
threepence. 

The reader's attention has been very imperfectly 
drawn to the numerous subjects touched on in these 
remnants of Trevithick's correspondence between the 
years 1804 and 181G; among them may be ti-aced tlie 
portable liigh-pressure steam-engine, the tnbular cylin- 
drical boiler of wrought iron, the economy of expan- 
sive working with steam of 100 lbs. on the inch, but 
limiting it to 20 lbs, when not in the charge of expe- 
rienced workmen, and testing lx)ilers by water pressure 
to four times the intended working pressure. 

The economy of heat in smelting furnaces and lu the 
aerated steam-engine were bold means to large results. 
The cheap 100/. steam-engine of 1812, with open-top 
cylinder and rigid simplicity of gear, resembling New- 
comen's first atmospheric engine, was really a high- 
pressure steam expansive engine, with the germ of 
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surface condensation, as ready to convey itself from 
mine to mine or from farm to farm, and to join in 
performing labourer's work, even to boring and con- 
veying rock by land or sea, as the most perfect of 
modern engines; and yet this unadorned engine, as 
seen in the agricultural engine of the following chapter, 
followed the excellent mechanism of the double-acting 
Kensington model of 1798, and the still more beautiful 
engine of the 1802 patent and London locomotive. 
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CHAPTER XVIII. 



The late Mrs. TrevitliioU said "that during the diffioul- 

tiea in London in 1808 and 1810, when Trevithick was 
overwhelming Iiiraself with new experiments and the 
cost of patents, and law expenses, lawyers and bailiffs 
took everything wortli having from her house, including 
account-books, drawings, papers, and models, which she 
never saw again." 

His earlier account-books left in safety in his Cornisli 
home, though very disconnected, give trustworthy traces 
of his work up to 1803. From that time only detached 
accounts or papers are found until 1812, when the 
unused pages iu two old mine account-books of his 
father served as his letter (rough-draft) books; and 
judging from their number and style, his correspon- 
dence was most extensive and varied. 

[Itough draft.] 

" HAyLB Foundry, F.hrnary 13(*, 1812. 
" To Sir Chkistopher Hawkins, Baronet. 

'■ Sir, — I now .send you, agrtfiible tei your reqmst, a plan 
and description of my patent eteam-engine, which I lately 
erected on your farm for working a tlirashicig mill. The steam- 
engine IB equal in power to four horses, liaving a eylinder of 
9 inches in diameter. The cylinder, with a moderate beat in 
the boiler, makes thirty sti-okes in a minute, and aa many 
revolutions of the fly-wheel, to every one of which the drum of 
the ihrashing mill (which is !! feet in diameter) is tnnied twelTC 
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* times. Tlie boiler evaporates 9 gallons of water iu an hour, and 
works BIX hours without being replenished. The engine requires 
very littlo attention — a common labouring man easily regulates 




" The ezpeiise of your engine of 4-horse power, compared 
fjth the expense of four horses, ia as follows : — 

Originul cost of the Bteam-cngine .. 80 

Building moterial and ropo 10 

£90 

Interest on tUe abgve 9M. at 5 per cent 4 10 

Wew and tear at 5 par cent. 4 10 

9 

Original cost ufhuraumackiucry tor four huratti .. ,. £(iO 

Interest un the nbiivo at 5 per cent 3 

Wear and tear at 15 per cent -SO 

12 

" Two bushels or 164 lbs. of coal will do tlie work of foiu- 
horjGs, costing 28. Gd. 
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" Four liorses at 5*. oacli, gives 208. Cost of coal, 28. t 
coinpareil with '20b. for horses. 

" I remain. Sir, 

" Your obedient servant, 

" Richard TbetithickS 

" ConsWALL, F'hniary 20th, 1912. 
" Having been requested to witness and report on the effei't 
of steam apph'ed to work & mill for thriiahing corn at Trewithen, 
we hereby certify that a fire was lighted under the boiler of the 
engine five minutes after eight o'clock, and at twenty-five oiinntes 
after nine the tlirashing mill began to work, in which time 
1 bushel of coal waa consumed. That from the time the mill 
began to work to two minutes after two o'clock, being four hours 
and three-quarters, 1500 sheaves of barley were thrashed clean, 
and 1 bushel of coal more was consumed. We think there wne 
sufficient steam ren)aiuing in the boiler to have thrashed from 
50 to 100 sheaves more barley, and the water in the boiler waa 
by no means exhausted. We had the satisfaction to observe 
that a common labourer regulated the thrashing mill, and in a 
moment of time made it go faster, slower, or entirely to cease 
working. We approve of the steadiness and the velocity with 
which the machine worked ; and in every respect we prefer Uie 
power of steam, as liere applied, to that of horses. 

(Signed) " Matthew Koberts, Lamellyi 
" Thomas Nankivill, Golden. 
" Matthew Doblk, Barthlever.^j 

This first high-presstire st«am thrashing machine 
working on the 13th Fehruary, 1812, at Trewithen, 
the property of Sir Christopher Hawkins, as proved hy 
Trevithick's drawing of the machine, his account of the 
work performed, and the report of the three wise men 
that the power of steam waa preferable to the power of 
horses. Its first cost was less than that of a horse 
machine ; hut to make the calculated iimounts come 



^er Uie 

'I 






AGKICULTUHAL ENGINES. 



3y 



"right Trevitliick charged 15 per ceut. for wear and 

tear ou tlie horse machinery, and but 5 per ceut. on 
the steam-engine; overlooking the cost of the horses, 
which would have made the outlay for the horses and 
machinery greater than for the steam-engine. 

The whole design evidences simplicity and consequent 
eheapness ; no complication of valves or valve-gear, no 
cylinder cover, piirallel motion, guide-rods, or air-jjump, 
with its condeusei' nnd injection-water. 
■ The 4-horso engine, with boiler complete, cost QOL 
A common labourer worked it, and as it needt^d no 
supply of feed-water during six hours of work, the cost 
and attention of supplying feed were avoided. If a 
supply was required during the day it could be given 
by a pipe with two taps. 

This first use of steam in agriculture was immediately 
followed by Lord Deduustanville of Tehidy, Mr. Kendal 
of PadBtow, and Mr. Jasper of Bridgenorth. Sir Charles' 
request for a more official report signed by disinterested 
persons brought a reply that the thrashing engine con- 
tinued to work well. " It far exceeds my expectation. 
I am now building a poi-table steam-whim, on the same 
plan, to go itself from shaft to shaft." " If you should 
fall in with any West India planter that stands in want 
of an engine, he may see tbis at work in a month, which 
will prove to him the advantage of a portable engine 
to travel from one plantation to another. The price 
complete is 105^."' 



'■ DeaE Sill " AauYLE Stbeet, Idlh March, 1812. 

"I am sorry it is uot convenient for me to advance you 
the luoaey for Wlisal Liberty ; adventurera having the diiea 
very low, ought to l"iiini«li the ncLtil'iil. 1 am very glad you have 

' Sw Trcvitliick's lutwr, lOth March, 181:;, chni". sx. 
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Diicceoded with your jwrtable steam-engine, and am persi 
they will be more and more adopted. I liave shown your ac- 
count of your thi-aaliing by steam, and Sir John Sinclair and 

Mr. very highly approve it. Sir John Sinclair wished the 

communication had been made to the Board of A^'ciiltore. 
Sir John wislied me to transmit you the enclosed on eoala 
moved by steam. .... whether you iiiui a plan of tliis sort. 
Its they would he vury serriceahle in passing the frilliB in Scot- 
land. He seems to think you ought to wivertise your steam- 
engines for thrashing ; indeed, I tliink so too. 

" By the enclosed letter. Sir John Sinclair wishes you to send 
him an urcflunt of your improved a team -engines. You will be 
careful in drawing np your letter to Sir John, because it will 
probably be read to the Board of AgrlL-nllure. and perhaps in- 
serted in their publication. You will begin by acknowledging 
his letter, of date respecting the American pas- 
sage boat and your improved email stt^ara-engine. 

You will give liini an iiecount of the saving you have eft'eeted at 
Dolcoath, and a certificate of the same by the mining captains ; 
the engine for tlirnshing you built for mc, and the work it diit, 
and the coals it consumed; the cxjrense of the steam -engiueb 
and the uses they may be applied ta 

" I remain, dear Sir, 

" Yours most obediently 

"C. Hawkish, 



tint, 
in ea 



In 1812 Trevithick iidvertiseLl the wse and sale 
Bteara-engiiies, weigliiiig 15 cwt., costing 63f., for 
tlirasbing, grinding, sawing, or other home work ; and 
aleo a moie powerful engine for the steam-plongli, or 
the harrow and spade machine for 105/., to travel from 
farm to farm. He wrote to Sir John Sinclair:' — 

" I received from Sir Charles Hawkins a copy of Dr. Logan's 
letter to yon, also a note from you to Sir Charles Hawkiiu, 
both respecting the driving boats by steam ; resi}ectmg the 

' S«i 'I'revithiek'B letter, 2(itli Mardi, IHl'J, i-hiiii. iv. 
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wigine for thrashing, cliaff-cuttiiig, sawing, &c. I am now 
making one of about two-tliirds the sizeof Sir Charles Hawkins', 
which will be portabb on wheels. By placing the engine io the 
farm-yard, and passing tlie rope from the fly-wheel through the 
barn-door, or window, and around the drum on tlie machine axle, 
it may be driven. 

" The steam may be raised, and the engine moved a distance 
of two miles, and the thrashing machine at work, within one 
hour. 

The weight, including engine, carriage, and wheels, will not 
led 15 cwt. ; about the weight of an empty one-horse cart 
The size ia 3 feet diameter, and li feet high. If yon wish to 
have oue of this size sent to the Board of Agriculture as a 
specimen, the price delivered in London will be sixty guineas." 

This engine differed from Unit referred to iu the 
drawing of Sir Charles Hawkins, mainly in the boiler 
having the fire-place in tlie fire-tube, requiring no 
brickwork, and having the advantage of portability. 
It waa \'ery like the earlier locomotive boiler, except 
that it was placed upright, as ateam-cranea now use 
lioilei's, instead of being horizontal. 

^ [Hough dnift.] 

^^ "Camborne, Cobkwai.i., April 2Glh, 1813, 

'" To Sir John Sinclair. 

" I have your favour of the 4th instant, informing me 
that you had sent my letter respecting propelling ships by 
stettm to the Navy Board ; and also requesting a drawing and 
statement of the tlirashing engine to be sent to the President of 
the Board of Agriculture, wliich shall be forwarded imme- 
diately. 

■' I beg to (rouble you witli a few wild ideas of Tnine, which 
I>erhai>s may some future daj benefit the public, but at this 
time remain buried, tor want of enfounigement to carry it into 
execution. 

" The average consum]>tion of coals in large gteam-engiaea ie 
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about ti'l lbs. (or one bushel), to lift 10,000 tons of 
earth 1 foot high. 

" The avemjre cost of this coal in the kingdom is sixpence. 
Tile average of a horse's labour for one day is about 4000 ton» 
lifted 1 foot high, costing about 58. 

" A man's labour for one day is about 500 tons lifted 1 foot 
bi^ih, costing 3s. tid. 

" I haye had repeated trials of the water lifted by coals, 
horses, and men, proving that ^^he^e a busliel of coal can be 
{>urchased for eispence, that sixpence is equal to 208. of liorsc 
labour, and to 3/. 10«. of men's labour. 

" If you calculate a man to lift 500 tons 1 foot high, it is 
equal to lOO tons lifted 5 feet high ; a very hard (ask for a raan 
to perform in a day's work, 

" This calculation proves the great advantage of elemental 
power over tmimal power, which latter I believe can in. a great 
part be dispensed with if properly attended to, especially as we 
have an inexhaustible quantity of coals. 

" To prove to you that my ideas are not mere ideas, in gen(>r«] 
my wild ideas lead to theory, and theory leads to practice, and 
then follows the result, which sometimes proves of essential set^ 
vice to the public. 

" About six years ago I turned ray thonghts to this subject, 
and made a travelling steam-engine at piy own expeiiise to irj 
the experiment. 

"1 chained four waggons to the engine, each loaded with 
2^ tons of itou, besides seventy men riding on the wnggons, 
making altogether about 25 tons, and drew it on the road from 
M'-rthyr to tlie QuakerVyard (in South Wales), a distance of 
!]j miles, at the rate of four miles per hour, without the assistance 
gf either man or beast, and then, without the load, drove the 
engine on the road sixteen miles per hour. 

"I thought this experiment would show to the public quite 
enough to recommend its general use ; but though promising to 
be of so much consequence, has so far i-emained buried, wkkb 
discourages me from again trying, at my own expense, fof the 
public, especially when my family call for the whole of my 
receipts fi"om my mining concerns fotthuir mainteuauee. 
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[t ia my opinion that every part of agriciiltiirL' might be 
performed by steam ; carrying manure for tliG Innfl, ploughing, 
haiTowing, sowing, reaping, thrashing, and grinding; and all 
by the same machine, however large the estate. 

"Even extenaiye commons might ho tilled and effoctually 
managed by a very few labourers, without the use of cattle. 

'• I'wo men would be sufficient to manage an engine, capable 
of performing the work of 100 horses every twenty-four hours ; 
requiring no extensive buildings or preparations for labourers or 
cattle, and having snch immense power in one machine aa couhl 
perform every part in its proper season, without trusting to 
labourers. 

" I think a machine that would be equal to the power of 100 
horses would cost about 500?. 

" My labour in invention I would readily give to the public, 
if by a 8tibscri|>tion such a machine could be accumplished and 
be made useful. 

" It would double the population of this kingdom, for a great 
[)8rt of man's fooil now goes to hurseSj which would then be dis- 
]>enscd with, and so prevent importation of com, and at a trifling 
expense make our markets the cheapest in the whole world; 
because there are scarcely any coals to be found except in Eng- 
land, where the extreme price, duty included, does not exceed 
23. per bushel. 

" I beg your pardun for having troubled you with such a wild 
idea, and so distant from being carried into execution ; but 
having already made the experiment before stated, which was 
carried out in the presence of above 10,000 spectators, who 
will vouch for the facts, I venture to write to you on the 
subject, for the first and only self-moving machine that ever 
was made to travel on a road, witli 25 tons, at four miles per 
hour, and completely manageable by only one man, 1 think 
ought not to be dropped without further experiments, as the 
main point is already obtained, which is tlie power and its 
management. 

" Your most obedient servant, 

" UlCUAUD TllEVlTIIICh." 
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The Board of Agriculture in 1812 bad their att 
tion dmwn to the feasibility of using the steam-engine 
to save agricultural labour and lessen the cost of work- 
ing land. Trevithick's intuitive knowledge told him 
his application would be in vain, though an engine 
was at work proving the saving of horse-power in 
the item of thrashing corn. 

" I beg to trouble you with a few wild ideas of mine, 
which ^eW(a;)5 viay some future day benefit the pvhlic" 

A steam-engine could exert as much power by the 
consumption of Grf. worth of coal as could be given by 
20*. of hor8e-]Jower, or by TO*, worth of men's power. 

" Ideas lead to theory, theory leads to practice, then 
follows the result, which sometimes proves of essential 
service to the public." 

" It is ray opinion that every part of agriculture 
might be jTerformed by steam. Carrying manure for 
the land, ploughing, harrowing, sowing, reaping, 
thrashing, and grinding; and all by the same machine, 
however large the estate." 

" Two men would manage an engine capable of per- 
forming the work of 100 horses." 

Such a use of the steam'-engine, judiciously managed, 
" would double the population of this kingdom, and 
make our markets the cheapest in the world; becatise 
England is tlie country best supplied with coal and 
iron for steam-engines, and the land now growing 
food for horses would be available for man." 

Its cost would bo 500^., and its power sufficient to 
propel the largest subsoil ploughs and tormentors ; and 
had the Board of Agriculture supplied such a sum of 
money as is now ordinarily given by a farmer for ft 
steam-plough, we should have had in 1812 ploughing, 
harrowing, sowing, reaping, &c., by steam. YeMt_ 
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l)efore, the same kind of engine had been made to 
work: pumps, wind coal from shafts, drive rolling mills, 
tilt hammers, and steamhoats, and convey material from 
place to place ; and why should not his promise to the 
farmer be also made good with his increased know- 
ledge derived from eight years of active experience? 
Receiving small encouragement in England, he applied 
to sugar-cane planters to give his engines a trial in 
the West Indies. 

[liuughdmft.] 

"Sir Chaeles Hawkins, Bart., "Cammbne, ui. May, I812. 

" Sir, — I haye your favour of the 27th April, respecting 
a steam-engine for youi- friend for tho West Indies, of the 
power of ten mules employed at one time. This poH'er we cfil- 
culale equal to forty mules ever)' twenty-four houre, ns six hours' 
hard labour is sufficient for one mule for one day. 

"The expense of an engme of thiajxiwer complete delivered in 
London would be 200Z. Tlie ronauraption of coals about 84 lbs., 
- or one bushel, to equal the laboiir of three mules, or from 13 
to 14 bushels of coal every twenty-four hours to perform 
the full work of forty mules (or in pi-oportion for a lesser num- 
Ber), with a waste of about 15 gallons of water per hour, unless 
a reservoir was made to receive the steam, and then to work 
the sam<! water over again. 

" Wliero water is seance, noni'ly the whole may bo saved. 

"Yon remarked that tho rope might slip round the notch 
in the wlioel ; but to prevent any risk of that kind, I apply a 
small chain instead of the rope, which works the Bame bb a 
chain on the iiarrel of a common thirty-hour clock. 

"The speed of the periphery of the fly-wheel is about eight 
miles per hour, which I think is nearly double the speed of 
the mules when at work in the mil!. This would reduce the 
size of the part ^vllich carries the chain on the cattle mil! to 
half tho diameter of the present walk of the cattle, which 
might be done without altering or interfering with the present 
cattle mills, and might, if required, cither work separately or 
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in conjunction with the mules in the some mill nt the seB^ 
time. 

" To infonn your friend of the power and effect of such an 
engine, I prefer his sending some person down to Cornwall, lo 
see it fried on some of the cattle mills or whims in the mines. 

"Engines that have been sent (o ihe West Indies hitherto 
have eost nearer 200UZ. ; very large, heavy, and complicated 
machines, requiring 2500 gallons of water per hour for con- 
densing, and could ouly be managed by a professed engineer, 
while any common labourer can keep in order and work these 
engines. If you prefer to send a person with it, the cost will 

be about 40«. per week, 

I " I remain, Sir, ^H 

' " Your most obedient servant, ^^M 

" UlCHAHD TBEVITHICS." 

This letter indirectly points out two long-staudiug 
radical errors in engineering phraseology. An early 
method of describing the value of .an engine was bv 
stating the iiumber of pounds it would lift one foot 
high by the burning a bushel of coal, called the duty 
of an engine. Trevithick's bushel was 84 lbs., while 
other engineers, under tlie same term of bushel, meant 
various weights, up to 120 lbs. 

Another form of speaking was the horse-power of au 
engine ; meaning that a horse could lift a certain 
number of pounds one foot high in a minute, and that 
a steam-engine lifting ten times as much was a 10- 
horse engine ; but, as Trevithiek points out, a horse 
only works at that rate for six hours out of twentv- 
four, while the steam-engine works continuously, per- 
forming the work of forty horses, yet is calleda Ifl-horse 
engine. 

The liigh-pressure engine suitable for the West, 
Indies was to be adapted to the existing horse or mule 
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' machinery, that either power might be used. Its first 
cost and expense in working to be much less than that 
of the Watt low-pressure steam vacuum engine. 

[iiiiligh drafl.] 

" Bib Charles Hawkins, Bart., " Cambornk, Jum I3th, 1812. 

"Sir, — Yours of the 15th of last month I received, 
eucIoBing a dra\ring of a sugar-mill from Mr, Tref othick, which 
I should have answered pur return, but was at that time in 
treaty for an engine for a sugar-mill with a Mr. Pic.kwood, who 
is iu St, Kilts in the West Indies. 

" The engine is now being erected at Hayle Foundry, of the 
power of twelve mules at a time, or equal to forty-eight mules 
during twenty-four hours. 

" The cost is 210?, complete, with numerous duplicate parts. 

" I hope she « iil be finished and sent off in a short time. 

" I have now so fully proved tlie use of those engines, that I 
have engaged to take this one back if it does not auswer their 
purpose, and to refund the whole sum if tliey return the' engine 
to mc iu working order within four years. 

" This gentleman says, if this engine answers he shall have 
two more for his owu use, and four of his friends are waiting to 
see the result before ordering their engines. 

" The mules that will be turned out of use by Mr. Piekwood's 
engine will sell for five times the sum the engine will cost him, 
exclusive of the wear of mules, with their keep and drivers, 
besides the greater dispatch and pleasantness of working a 
machine instead of forcing animals in so hot a climate. 

"If your friend wishes an engine of this power and on the 
same terms, I can get two made and sent to London nearly in 
the same time as one. Enclosed I send to you a rough sketch 
of the engine and mill. I am of your opinion, that Sir John 
Sinclair has taken a useless journey by calling on the Navy 
Board, for nothing experimental will ever be tried or carried 
into effect except by individuals. 

" If I could got an Act of Parliament for twenty-one years 
for only oue-tc^nth part of the aaving which I cuuld gain over 
animal power and expense, I have no doubt but that I could get 
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money to carry tlie plan fiiUy into effect for propellini^ ship* 
travelling with wei^lits on roads, and doing almost every feinJ 
of agrieultnral labour. 

"Bot a patent is but for foarteen years, and open to constant 
infringement ; for the inventor of general and useful macliinery 
is a target for every mechaniu tu slioot at, and unless protected 
or encouraged by some better plan than a common patent, «-ilI 
have the whole kingdom to contend with in law, and most likely 
receive ruin for hin reward, which has too olten been the ease. 

"A plan of such magnitude as this promises to be of, I think 
ought to be carried into effect by subscription, and as soon as 
acoomplished, the subscribers to be repaid, and the invention 
thrown open for the use of the kingdom at large. I think 
about 1000/. or 1500/. would test the designs. 

" It is expected that Mr. Praed will spend some time in this 
neighbourhood ; I hope I shall be able to prove to you and to 
him the great use of propelling barges by steam. I have a 
small engine now at foundry, and would put it on Ijoard one 
of their barges for your inspection. I am very much obliged 
for your continued favours, and beg pai-dun for so often troubling 
yon. 1 have so fully proved the great advantages resulting from 
those portable engines, that 1 very much wish the public to 
have the full use of them. 

" I remaiu. Sir, ^^h 

" Your most humble servant> ^^^| 

" Richard Trevitbic^^^I 

A 1 2-raule-power engine for St. Kitts was being 
erected at Harvey's I'oundi y at Hayle ; Trevithick 
making liimself liable for tbe whole cost, in case It 
hhould not answer the purpose. The mules tlirown 
out of work by tbe engine would sell for five times as 
much as the engine cost, to say nothing of tbe saving 
in wear and tear of drivers and mules, anil the un- 
pleasantness of driving a mule in bot weather a-s 
compared with a machine. 
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If an Act of Parliament would give him one-tenth 
of the saving lie could effect duriog twrenty-one years, a 
company might he formed tor carrying into ftill effect 
his plans for propelling ships, travelling with weights 
on roads, and performing almost every kind of agri- 
cultural labour, while a patent for fourteen years was 
open to constant infringement, and tlie inventor of useful 
machinery was a target for every mechanic to shoot at, 
had law suits with the kingdom at large, and ultimate 
ruin, as a reward for his laltours. Inventions of eucli 
general application, when fairly established, should be 
thrown open to the public, Government paying the 
inventors their expenses, and reasonable reward for 
their time. 

[RoiiKli draft] 
" Mr. Pickwooo, " ConswALL, Cambobne, 17('i Ju-nt, 1612. 

" Sir, — Yours of the 17th April I ret-eiveil about twenty 
days since, and fiom tliat time to the present have been iu 
treaty -with Messrs. PUiminer, Barliam, and Co., for your engine. 
We have now closed for an engine complete, of tbe power of 
twelve mules at a. time, with suitable duplicates, chains, Ac., for 
210?. I very much wish for your engine to be set to work by 
your own workmen, to show the planters the simplicity and easy 
management of tbe macliiue, and also save the expense of an 
engineer, which will tend to promote their use. The engine 
will be set to work before it is sent off, and every possible care 
taken to execute it in the most perfect order. From the expe- 
rience I have had with common labourers keeping these engines 
in order, since I wrote to you, I have no doubt you will get on 
satislactorily. 

" 1 hope to get the engine ready in five or six weeks, but I 
fear there will be loss of time in shipping it. You may rest 
aseuivd that I will spare no lime or attention to promote the 
perlbrmanee of this engine, 1 am so lar satislied with the pro- 
bability of its fiUly answering your purpose that 1 voluntarily 
offered Messis. Plumraer, Barbara, and Co., tliat if yon return it 

VOL. II. R 
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to me for working repairs witliin foiir years, I will refiind the 
whole of tlie sum I am to receive for it. I will take purticalar 
care to mark every part and send you a full descriijtion. 

" Enclosed I send yon a sketcli of the engine attached to a 
sngar-mill. Please write to me by return of the packet ; it may 
he in time, before the engine is shippetl, to alter, or send you 
such things as I may not be acquainted with. I shall be glad 
to know the number of yards your mules travel in an hour when 
going at what you call' a fair speed, in the mill, and also what 
number of rounds you wish the centre roll to make in an hour 
when worked by the engine. 

"I remain, Sir, 



" Yoi 



y humble servant, 

" llD. Tbevithj 






Tliese are not the remarks of sm uncertain schem^ 
every sentence having the impress of the ability : 
fixed intention of perfecting; the work, and the belief 
that the simplicity of the engine would enable a com 
labourer to use it. 

[Rough draft.] 
" Sir Ch. Hawkiks, Bart., "Camborxb, olh Jatg, 

" Sir,— If your friend Mr. Trecothick intends to 
sugar-mill eugiue immediately finished and sent out with 
one I am now making for Mr. Pickwood, he ought not to lose 
any time in giving his orders. I have made inquiry at Fal- 
mouth about sending out Mr. Pickwood's engine for St. Kitta 
on board a packet, which would save much time, but I fear H 
cannot be granted unless application is made by some pentm 
of note to the Post Otiice in London, Mr. Banfield of Falmonth 
told me that if application was made to send out a model as s 
trial, he bad no doubt but it would be granted. 

" This es[wriment with the j>ortable engine that will travel 
from one plantation to another and work without cosdenniig 
water, is certainly of the greatest couaequence to tlie plaotei^ 
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and as the wliole weight will not exceed IJ ton, I gliould hope 
that the Commissioners at the Post Office will grant this request. 
I am sorry to trouble you so often about my buBineas, but I beg 
the favour of your goodness to inform me through what channel 
I ought to make this application. 
" I remain. Sir, 

" Your most obedient Immble servant, 

" Rd. Tbevithicr." 

Tbis experiment with tbe 1| ton portable engine 
to travel from one plantation to another, needing 
no condensing water, was certainly of tbe greatest 
consequence to tbe planters in the West Indies, and 
should have been of equal importance to the people in 
England, 

Judging from tbe weight and cost, as compared with 
agricidtural engines of tbe present day, Trevitbick was 
nearer the mark then than we are now ; its working 
without condensing water the engineers of that day 
believed to be impracticable, a fundamental error which 
greatly retai-ded the use of the high-pressure steam- 
engine. Tbe providing sufficient condensing water 
was often a most serious item of cost, and as water 
mains were not in use, a deep well was a necessary 
part of a steam vacuum engine. 



[R..I 



r..n.] 



" Gentlemen, "CoiiNWAi,!,. CiXDORSK. OciiJir Wh. 1812. 

" Yours of tlie 30th of September I found at my house 
on my return yesterday from a journey, I am sorry to inform 
you tliat Mr. Pickwood's engine is not ready. Near three 
mouths ago I set my smiths and boiler-maliers to work to com- 
plete an engine for Mr. PioUwood, which parts were finislieil 
five or sis weeks ago. The other parts of the engine, which 
were to have been made of cast iron, were ordered and com- 
menced at a foundry in this county, belonging to Blewett, 

E 2 
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Harvey, aud Vivian, and would have Ijecn finished and 1 
engine shipped long since had not these partners in the iron 
foundry quarrelled with each other, and tbe Lord Chancellor 
has laid an injunction and set idle their foundrj-. 1 have since 
ordered the casting!* to be made at a foundry at Bridgenortli, in 
Shropshire, belonging to Hazeldine, Rastrick, and Co., who will 
complete the engine and send it to you in about two months, at 
which time I intend to be in tomi to set it to work before it is 
Bhipped for the West Indies. 

" I remain. Gentlemen, 



"Tour very bun 



» Co.. 



ble servant, ^^H 

ing your order to prfl^^^| 
to inform him that I^^^| 
le engine with the aie^^^| 
e-mills, and requested ho 



" P.S. — Immediately on my receiving your order to pre 
an engine for Mr. Pickwood I wrote to inform him that ] 
begun it, and enclosed a drawing of the engine with the u 
of connecting the engine to the cattle-mills, and requested 1 
would remit to me his remarks on it, which I received by the 
last packet, from which it appears for the best that the engine 
is not in a forward state, becuuse the parts would not have been 
BO snitable to the purpose as they will now be." 

Fortune was against Trevithiek. A difficulty between 
his brother-in-law Harvey, and his old partner Vivian, 
with Blewett, retarded the completion of the engine; 
aud the castings so aDxiously waited for were ordered 
from Hazeldine and Rastrick. The wrought-iron worft 
was made by tbe old smiths in liis neighbourhood, who 
had long lieen in tbe habit of Jiammering bis ecfaemes 
into shape. This patchwork way of constmcting 
engines made success nmcli more difficult. 

Trevithiek often laughed heartily at the following 
incident which occurred during this quarrel at Har- 
vey's works : — Blewett sent a handsome silver teapot 
to Miss Betsy Harvey, wlio kej^t ber brothei's bouse. 
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called Foundry House. Trevithiclt was sitting with 
tliem when the box was brought in and opened. Mr. 
Henry Harvey was indignant at Mr. Blewett sending a 
bribe or inake-peace to his sister, and threw the silver 
teapot under the fire-place. Trevithick, however, 
quietly picked it up, pointed out the dinge it had re- 
ceived, wrapped his pocket handkerchief around it, 
and saying, if it causes bad feeling here it will do for- 
Jane, marched away home with tbe pot. The writer 
drank tea from it recently, and also laughed at the 
dinge. 

The following was written to Mr. Rastrick in De- 
cember, 1812:'— 

" I have been waiting your answer to my last, and especially 
that part respecting the West India engine, as there is a large 
field there for eugines of this kind. I have received an 
order for a thrashing engine for Lord de Dunstanville of 
'J'ehidy, and as I wish those thrashing engines to be known 
through the country, I intend to take one of the engines 
ordered for Padstow and send it to Tehidy ; one of the Padstow 
farmers can wait until yon make another for him ; therefore I 
would thank you to send the first finished by sliip from Bristol 
for Portreath or Hayla. Send a drum with everything com- 
plete, of which you are a better judge than I ; probably about 
3 feet in diameter and 3^ feet long will be sufficient. There 
must be a fly-wheel, with n notch to carry the rope, and also a 
small notch wheel on the dnim-asle. I think 6J feet diameter 
for the fly and 9^ inches diameter for the small wheel, will 
give speed enough to the drum. Mind to cast a lump or screw 
on a balance of about 1 cwt. on one side of the wheel. There 
must be two stands on the boiler, and a crank-axle or otherwise 
a crank-pin in the fly-wheel, whichever you please ; with a shaft 
3 feet long with a carriage. The engine to stand in a room 
■ under the turn-about, TJ feet high, 7 feet wide, and 17 feet 

' See ruugh dntlL, Trevithick's letter, 7th December, 1812, chap, xvii. 
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loug. The fly-wheel will stand across the nnrrow wtiy of i 
room. The rope will go up through the floor and tie drtim be 
shifted by a screw, liurizontally on the barn floor, so aa tu 
tighten the rope. I shall pnt down the top of the boiler level 
with the surface, with au arched way to the fire and asb-pit 
underground to prevent the cbiince of fire, which the farmers 
are very much afraid of. 

" I send you a sketch showing how it is to stand. I do not 
bind you to the size of the drum or wheels, only the room that 
tlie fly-wheel works in is but 7 feet wide. Put the engine and 
drum for Lord de Dunstanville out of hand neat and well, as it 
will be well paid for, and make the stands, &c., in your own 
way," 

This description of Xord DedunstanviUe's thrashing 
machine illustrates the drawing of that supplied to 
Charles Hawkins. 



[Hniiuli drnlt,] 



I 



** Mr. Kastrick, " Cambohne, January 2G(*, 1»*13. 

" Sir, — I have your favour of the 10th inst., in which yon 
do not state the time when you expect I shall have either of 
the engines that you are executing, Aa so much time has 
elapsed since the orders were givpn, the persons that ordered 
them are quit« impotent. The ploughing engine that I sent 
you a drawing for, after being tried for that purpose, was to 
have been sent to Exeter for pumping water out of the foun- 
dations of a new bridge; but as they intend to begin their 
work at the bridge before the end of Ularc-h, the engine must 
be there before that time, or tliey will erect horse machines and 
not use the ongiue. I have therefore been obliged to send the 
small boiler that I ha<l for that purpose to Hayle Fouudry, and 
get the castings made there for this engine to get it in time to 
prevent losing tlie order. I have also been obliged to take the 
small [Kirtnble engine from Wheal Alfred Mine and have new 
apparatus fitted to it, to apply this engine for Plymouth Break- 
water. A small engine, from the same patterns as Sir Charles 
Hawkins' thrashing engine, which I bad at work in a mine, I 
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liuve been obliged to send to one of the farmers at Pa<lstow for 
tLrashing, inalead of one of those eiigiues thtit 1 ordered from 
you. I expect that the people who ordered tlie engine for the 
Wept ludies itre ulao tired of wftiliog. I have two other appli- 
cations for engines for the West Indies, and the Messrs. Fox 
will want a great many engines of thnt size for the Plymouth 
Breakwater. They are to provide machinery, with every other 
expense, and I am t« have a certain proportion of wliat I can 
save over what it now costs them to do it by manual labour. I 
think I have made a very good bargain, for if the plan succeeds 
I shall get a great deal of money, and if it fails I shall lose 
nothing. They have engaged with the Government to deliver 
3,000,000 tons, for which tliey have a very good price, even if 
it was to be done by men's labour. ^ I liope I shall get tlio 
engine soon on the spot, and will then let you know the result. 
As the boiler that was intended for the ploughing engine is to 
be sent to Esetor, I wish yon to finish that engine with boiler, 
wheels, and everything complete for ploughing and thrashing, 
(IS shown in the drawing, nnless you can improve on it. There 
13 no doubt alrout the wheels turning around as you suppose, 
for when that engine in Wales travelled on the tromroad, 
which was very smooth, yet all the power of the engine coiiid 
not slip around the wheels when the engine was chained to a 
jK«t for that particular experiment. 

" That new engine you saw near the seaside with me is now 
lifting forty millions 1 foot high with 1 bushel of coal, whieli is 
very nearly double the duty that is done by any otiier engine 
in the county. A few days since I altered a 64-in(h cylinder 
engine at Wheal Alfred to the same plan, and I think she will 
do equally as much duty. I have a notice to attend a mine 
meeting to erect a new engine equal in power to a (il^inch 
cylinder single, which I hope to be able to send to you for. I 
have also an appointment to meet sonio gentlemen at Swansea, 
to erect two engines for them, one to lift water, the other coal, 
which you will hear more about, I expect, soon. If I can spare u 
few days when at Swansea, I will call to see you at Bridgenorth. 
I have not seen Mr. Richard since you left, but will call on Ijjm 
iu a few days and do as you request. If you think the fly-wheel 
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is not sufiicientlj heavy for his engine, add lialf 
the ring. 

" If yoii cannot finish all these engines at the same time, I 
would rather tlie smaller ones should he finished first and Mr. 
RiL-bards' stand a little, hecimse if his engine was ntiw ready he 
would not pull down his thrasliiog machine until he had nearly 
thraslied all his com, ami the machiae now stands on the spot 
where the mill is to be erected. 

"If I call on yon from Swansea I think I shall be able to 
show you a new idea, which I think will, if canied into practice, 
be of immense value. Please to write to me and say particu- 
larly liow you are getting on, and when you are likely to finish 
the engines ordered. 

"R. 



igi^^ 



Trevithick had sent a drawing of a phugkir^ en] 
to Rastrick at Bridgenorth, ibat the castings might 
be made, while he liimself was having the boiler and 
wronght-iron work constructed in Cornwall. The 
engine had been ordered as a portable pumping engine, 
for removing w,Tter from the foundation of a bridge at 
Exeter ; but before sending it to its destination, he 
had arranged to plough with it, aa a means of perfect 
ing the plans and drawings for a more suitable plough- 
ing engine then in construction, to be fitted "with 
boiler, wheels, and everything complete for ploughing 
and thrashing, as shown in the drawing." The frictwa 
of the wheels on the grouiid would be greater than the potoer 
of the engine ; therefore they would not slip when the 
full power was applied to draw a plough any more than 
the Welsh engine, tlie wheels of which did not slip 
through resting on smooth iron. 

One of his small engines, which had been at work in ' 
a mine, was sent as a thrashing engine to Padstow. It 
is evident thai, having given a portion of his attention 
for a year or two to the question of steam agriculture, 
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he had so far progressed in 1813 as to construct thrash- 
ing macliines, portable agricultural engines, and steam- 
ploughs to be moved by wheels as in locomotives ; 
reaping, sowing, and other work, was also in future t« 
be the work of the steam-engine. 

A drawing by Trevithick — having as usual neither 
name, date, nor scale, nor writing of any kind, hat the 
watermark in the paper is 1813— illustrates his ideas 
expressed to Sir Charles Sinclair in 1812: — "It is my 
opinion that every part of agriculture might be per- 
formed by steam." The thrashing and grinding engines 
were at work, and the tormenting harrowing engine 
was probably designed for bringing under steam culti- 
vation the extensive commons referred to. In those 
days, before the practice of underground drainage, the 
surface of cultivated land was thrown into furrows, or 
a series of small hills and vales, tlie latter acting as the 
Burface drain for carrying off the water. 

Suppose the first step in cultivating a common to he 
the breaking of the soil, and throwing it into uniform 
lines of rise and fall that facilitated drainage without 
inconveniencing the tillage, what better machine could 
have been devised than Trevitbick's ? A combination 
of the modern tormentor and harrow loosened the 
ground to the required depth, which was then, by a 
revolving wheel with spades, thrown on one side, re- 
sulting in uniform lines of ridges and hollows. The 
steam-shoveller was removed, or the tormentor irons 
raised, when only the harrow was requiretl. 

The absence of the ordinary shafts at the front end 
of the framing indicates that the spade-tormentor was 
not to be drawn by horses, but whether by a locomo- 
tive or by a fixed engine is not self-evident. 
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[Bough draft.] 
" Mb. Kendal, "Camborsb, January 2Mh, 1813. 

"Sir, — I have yours of tlie 17th iuet. The thrasliiiig 
machine cnorme i» ready for you, and shall be sent up imme- 
diately. I wisli you to get about 100 fire brit^ks, 200 common 
bricka, 20 loads of stone, and 20 bushels of lime. The house will 
get finished while I am fixing the engine. About 1500 or IGOO 
weight of iron for your engine has been sent to the Bhio Hills 
Mine, St. Agness. I wish you could send down your cart to 
fetch it from there to Padstow. There is no part of these cast- 
ings but may be easily conveyed in a common butt ot cart. When 
you havo the stone, brick, and lime ready, and a cart to send to 
St. Agueas for the castings, please to write me, and I will come 
to Padstow at the same time with them, and finish the engnie. 
'file sooner you get ready the better, as I expect to "have an 
engagement in about four weeks' time, that would prevent 
my coming to Padstow for some time ; therefore I wish to get 
your engine finished before that time. Please to write me 
as early as potwible, and let me know when you will be ready 
for me, and what day I shall meet your cart at St. Agueas for 
the castings. 

" Your obedient servant, 

"lilCHARD TrEVITHICK." 

Real inventors hesitate not to erect tlieir own en- 
gines, lend a hand in building the house, walk to the 
scene of action, or take a lift in a cart ; and by such 
steps was the gift of genius moulded to the wants of 
daily life; while the modern engineer of eminence, 
Jiving in large cities, knows little of tiie minuttaj of his 
work, or even of the working mechanics on whose skill 
the success of his ideas is dependent. 

"lu 1815, Mr. Kendal, the proctor of Padstow, sent for me 
to repair his uteam-engiue. To prevent the old disputes in 
cullectiug his corn tithes, he had at work one of Captain 
Trevithiuk's steam tlirashing machiuos. The small farmers 
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Bent their com prwluce to him to be tbroehcd; the graiD was 
measured, tbe tenth taken out, the remainder returned to tbe 
farmer. The three-way cock, whic)i worked the engine, was 
joined in its shell ; on -freSiug it tlie engine continued to work 
very well,"' 

" In 1818 I put a new four-WHy cock to a thrashing engine 
that Captain Trevithick had made for Mr. Kendal, of Padstow, 
who was the receiver of titlie corn. The boiler was a tube of 
wrought iron, about 4 feet in diamefer and 6 feet long, standing 
on its end. The cylinder was fixed in the top of the boiler ; an 
upri-jht from the top of the cylinder supported tlie fly-wheel 
shaft; a connecting rod from the crank-pin in the fly-wheel 
was fastened to a joint-pin in the piston. The cylinder liad no 
cover. The four-way cock was worked by an escentric on the 
shaft, moving a lever, which was kept in contact with the ex- 
centric by a spring." * 

" About 1 S'2i I worked in Binner Downs Mine one of Captain 
Trevithic'k's puffer whim-engines. The boiler was cylindrical, 
made of wrought iron. It stood on its end, with the fire under 
it, and brick flues around it. The cylinder was let down into 
the top of the boiler. A four-way cock near the top of the 
cylinder turned the steam on and off. The fly-whoel and 
its shaft were fixed just over the cylinder. A lever and rod 
worked the four-way cock and feed-pole. The waste steam 
puffed through a launder into the feed-cistern. The cylinder 
was about 12 inches in diameter, with a 3-feet stroke."^ 

Mr. Kendal's steam thrashing machine remained at 
work at least sis years, during which time the only 
apparent repair was the four-way cock, worked by an 
excentric, which, if neglected, was apt to stick fast in 
its shell. 

One of the puffer-whims erected about this time was 
similar to the tlirasliing engine for Padstow, diileriug 
from the earlier one made for Sir C. Hawkins, in 

' UniiUin Samuel Cirote'a recollections, 1858. 

■ llecol lections of Captain H. A. Artha, PeDBarici!, 18()ri. 

• Rwollections of Henry Vivian, Harvey and Co.'b Works, 
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having a portable boiler so arranged that if necessary 
it could be easily placed on wheels. 

[Kmigli dmft.] 
K* Sib, " Cambobnb, Mareh loth, 1813. 

"I bave your favcmroi' the 11th inst. respecting a steam- 
engine for thrashing. 1 have made several, all of which answer 
the purpose exceedingly well. They are made on n very simple 
construction so as to be free from repairs, and are kept in order 
and worked by the farm labourers, who never before saw a steam- 
engine. The first I made on this plan was for Sir Christopher 
Hawkins, who resides at this time in Argyll Street, Oxford Street, 
London, If you call on him, he, I doubt not, would give ytin 
every information you require respecting its performance. This 
was a fixed engine, because it was only required to work on one 
form. It has been at work nearly eighteen months, and has not 
cost anything in repairs, nor any assistance but from the labourer 
who puts in the corn ; he only gives three or four minutes every 
hour to jmt on a little coal. A few pails of water, put into the 
furnace in the morning, is sufficient for a day's work. They bave 
at different times tried what duty the engine would perform 
with a given quantity of coal, and found that two Cornish 
bushels, weighing 168 lbs., would get up steam and thrash 1500 
sheaves of wheat in ahout six hours. 

" Before this engine was erected, they usually thrashed 500 
sheaves, with fliree heavy cart-horses for a day's work. I can- 
not say exactly the measurement of the corn that it thrashed, but 
it was considerably above (30 Winchesters of wheat with 168 lbs. 
of coal ; not a halfpenny in coal for each Winchester of wheat. 

" The engines that I have since erected have performed the 
same duty. 

" The horse machinery is thrown out of use, but the same 
drum is turned by the engine, 

'■ A fixed engine of this power I would deliver to you in 
Londou for 100 guineas ; it would cost you ahout 15?. more to 
fix the furnace in brickwork. 

"A portable engine costs 160 guineas, but it would cost 
nothiug in erecting, as it will be sent with chimney and every 
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tiling romplete on its own wheels (the drum, &c., excupM||P 
which you may convey with one horae from farm to farm as 
easy as a common cart. 

" If you have not eufBcJent work for it yon can lend it to your 
neighbours. The last engine I erected was about three weeks 
since, for a farmer that kept four horses and two drivers, Th« 
parts of the horae machine thrown out of use, together with the 
four horses, sold for more money than be gave me for the engine, 
exclusive of il. per week that it cost him in horse keep and 
drivers to thrash 3000 sbeavea per week. 

" Now the engine performs more than double that work, and 
does not cost above lOa. per week ; and the labourer in the bam 
does double the work be did before for the same money. If 
yon wish the same engine to have sufficient power to turn one 
pair of mill-stonee, tlie cost will be 220 guineas. 

" E. Tbevituigi 

" Mb- J. RAwijNds, StroofI, Kait' 

"Camborne, 28(A Auffual, ISlX 
" Messrs. Razeldine, Kastrick, and Co., 

" Gentlemen, — Lord Dedunstanville'e engine thrashed 
yesterday 1500 sheaves in ilO minutes n ith 40 lbs. of coal. 
'■ Rd. TBETTTHia 

The first steam thrashing engine was worked l»y a 
labouring man for eighteen months, without needing 
repair, or even attention beyond three or four minutes 
each hour to put on a little coal. 

Necessary stoppages for various purposes caused a 
day's work to be no more than the engine could per- 
form in half a day. No additional feed-water was re- 
quired during an ordinary day's work to thrash 15O0 
sheaves of wheat with 168 lbs. of coal, while on a spe- 
cial occasion that quantity was thrashed in an hour and 
a half, consuming only 40 lbs. of coal. Tlirce horsea 
during three days were required to do the same amount 
of work. A iarmer sold his horses used in thrashing 
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for more money than his engine cost, which did twice 
as much work at a reduced expenditure, and also savcrl 
the feed of the horses. 

Such an engine could l^ delivered in London for 100 
guineas, while a portahle engine on wheels with a dif- 
ferently constructed hoiler, requiring no mason work, 
would coat IGO guineas. 

[Rough draft] 

" Gentlemen, "Coiin-ivall, Camborne, ISth Augmt, 1813. 

" I have your favour of the 9th August, respecting steam- 
engines for St. Kitte. I fear it will not be possible to get an 
engine ready by the lat of November. 

"As you say tlie geotlcmim that is about to take them out 
is a clever man, und likely to promote the use of them, I will 
make immediate inquiry, and, if possible, will get one ready, of 
which 1 will inform you in a short time. 

"I very much wish that every persun who intends to employ 
a steam-engine of mino would first examine the engine, and bo 
satisfied witti the construction before giving an order, for which 
reason I must request you to send your friend down to Messrs. 
Hazeldine and Hjistrick'a foundry, Bridgenorth, Shropshire, 
where he may sec the portable steam-engine that was made for 
Jtr. Piekwood, which the founders will set to work for his in- 
spection in half an hour after his arrival. As this gentleman 
has a taste for machines, and wishes to make himself fully 
acquainted with the principle and use of the steam-engine, ho 
will be much gratified with the sight of this curious machine 
and with the information he will receive from the founders, 
which will be essentially necessary to him before leaving 
England. 

"I am extremely disappointed that this engine was not for- 
warded to Mr. Piekwood, as I find from his letter that he has 
an exceedingly clever aud active mind, and is a very fit person 
to take the management of introducing a machine into a new 
country. 

"This engine is engaged by a Spanish gentleman, who is 



84 



AC.BTCULTDRAL ENGINES. 



going to (akf out nine of my engines with liiui to Lii 
America, in about six weeks. 

" I remain, yonr obedient servant, 

" KicHD, TkevitbickT 



1 SonA 



i. I'LI 



" L'mdon. 



I) Co.. 



"N.B.— If your friend goes to Bridgenorth, let liim sbowthis 
letter to the founders," 

The engine, intended for the "West Indies, kq pleased 
Mr. Uville, that he begged to have it mnde over to him 
for South America, where it worked the machinery for 
rolling gold and silver in the Mint at Lima. 

"About 181.^, while erecting a bigh-presaure ]K»Ie-engine st 
Legassack for Mr. Trevithick, and doing some repiuTS to 
Mr, Kendal's tlirashing engine, a Creole, I think called Nasli, 
brought a note from Captain Trevithick, stating that the bearer 
was anxious to be taught to erect and work the portable engines 
for Jamaica. 

" Sir Eose Price, who had property in the West Indies, had 
sent bim to Mr. Trevithick for that purpose." ' 

It is therefore probable that some of Trevithick's 
engines reached Jamaica. Sir Rose Price was well 
known to- Lord Dedunstanville and Sir Charles Hawkins, 
and living near them, saw the engines at work and 
their fitness for his property in Jamaica. 

Lord Dedunstanvi lie's engine of 1812 was sold as 
old iron to Messrs. Harvey and Co. not long before 1843. 
Having remained for some time on the old-scrap heap, 
it was in that year again worked to drive maehinery. 
Instead of the original rope-driver - on the fly-wheel, 
a chain was used, the links of which caught on pro- 
jecting pins ou the driving wheel. In that form it 
continued to work until 1853, before which it was fre- 



' RecollectioD* of Captjiiii H. A. Artha, Tenzance, 
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qiiently ^^eeii by tlie writer prior to its removal to make 
room for a more powerful engine. 

What greater proof could be given of the fitness of 
design of this early engine, than its long life of forty 
years under such rough treatment, and the facility with 
which it was applied to different uses. Mr. Bickle, 
who, from recollection, had made a sketch of this engine 
before the writer had found Trevithick's sketch, says that 
after the engine had ceased to work, the boiler was turned 
to account in heating tar in the ship-builder's yard. 

'■Ill 1854 I saw working in a shed at Carnsew, in the sbip- 
Imililing yard of Harvey am! Co., of Hayle, an engine working 
a fitam[i9 for poiuitiinfi; up tlio slag and furnace bottoms fram 
tbi; brass-casting foundry. 

" I was tlien the foreman hammerman in Harvey and Co.'s 
smiths' shop and hamraer-mill, and frequently noticed this old 
engine and inquired about it. It bad been brougbt from Lord 
Dedunstanville's, at Tehidy Park, where it at one time worked 
a thraahiag machine. The boiler was of wrought iron, bnilt in 
brickwork, and looked liko a. big kitchen-boiler. A flattiab 
cover was bolted on to the top of the boiler, and the cyiinJer 
was let down iuto this top. 

"Tiio cylinder had no cover; it was about 8 or 10 inches 
in diameter and 2 or 3 feet stroke. Tho piston was a very 
deep one, with a joint for the connecting rod which went 
direct to the crank, which wua supported on two upright stands 
from the cover on the boiler. Tlie Hy-wbeel had a balanco- 
wiiight for the down-stroke, A pitcli-chain for driving passed 
over the wheel, which bad pins in it, or projections, to catch into 
the square links of the driving chain; it was worked by a 
four-way cock." ' 

" About 1843, when we were building iron boats for the 
Rhine, the old engine was put to work to drive the tools or 
niacliioery in the yard. She was very useful to us and worked 
very well. She worked about ten years, and was then thrown 
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^^H out to make ruoiii fur a new aad larger engiue for our iuiw-milU, 

^^H The cliain- wheel for driving was made here, it did not belong 

^^H to it originally." 

^^B " My father (then the foreman boiler-maker) about twenty- 

^^H four years ai^o took the old engine from the scrap heap, where 

^^M - it had been for many years, and set it to work in the tool shop. 

^^M My father said it bad come from Teliidy as old irou,"^ 

^H The use of the high-pressure steam agi*icultural 

^H engine was not confined to Cornwall. Mr. H. Pape, 

^^B still carrying on business in Hazeldine and Hastxick's 

^^M old engine manufactory at Bridgenorth, says: — 

^^H "My father worked as a smitli muler Mr. Raslrick. Mr. 

^^H Hazeldine had the foundry when Trevithifk'a engines were 

^^M made, and have heard my falbtT speak of them. 1 have seen 

^^H three iif them at work in Bridgenorth ; one of them at 

^^H Mr. Jasper's flour-mill, it drove four stones, and continued in 

^^B work up to 1837 ; one at Sing's tan-yard worked up to 1S40 ; 

^^B and one was on Mr. Jasper's fartu nt Stapleford for doing fsria 

^V worlv. Mr. Smith, now on the farm, worked it up to about 18o8. 

'■ The engines that worked in Bridgenorth had cast-iniD 

cylinders for the outer casing of the boiler, one cylinder for 

small engines, three or four cylinders bolted together for tin 

lar^jer ones. The fire-tube was wrought iron, the ehimjiey stood 

up by the fire-door. The cylinder was let down into the boUer; 

it worked with a four-way cock. There was a pL%lon-rod, cro* 

^B head, two guide-ioda on the top of the cylinder, an<l two aide 

^H rotls to tile crank and pin tn 'the flj'-wheel.'"^ 

^H "My first luisband had to do witli the foundry; bis father, 

^H Mr. Hazeldine, was a p:irtner with Mr. Davies and Co. in 1816. 

^H In 1817 the partnership was broken up, and the foundry ew 

^^B ried on by Hazeldine. I used i>i have two or three drawers fiiU 

^H uf drawings and account- bo [.)k3 that were brongbt from the 

L 



' ItecoIleclionB of Mr. Warren, tnaaU^t ship-huilder, Ilarvey and CV-., ISSt. 

* Ilecollectioue of Mr, BurmI, inn., niastar Ixiilw-maker, Hivn-cy and C»i 
B9. 

* llecollMtiima of Mr, William H. I'ape, Bridgenortli, 13lh June, 1869. 
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works. I kept tliem for many years, but now the greater part 
of lliem liave gone to light the fire ; all the drawings are gone." ' 

The engines described by Mr, Pape are of the type 
made by Trevithick, in Wales, about 1804, having a 
fire-place in tlie boiler, and similar in form to the Welsh 
locomotive. 

The drawings which served to light the fires certainly 
included Trevithick's plans for the steam-locomotive, 
ploughing engine, the screw-propeller, and many others 
nf equal interest. 

" Dear Sir, " Stadlefoud, JUareh 2C,th, 1870. 

" My grandfather's name was John Jasper, Esi]., of 
Stableford; he must have been one, if not the first, user of a 
steam-engiuo for thrashing, winnowing, and shaking the straw 
all at one operation ; it may have been erected eighty years ago, 
tor an old servant of the family just now dead, aged ninety, 
worked when a boy in the ateam-mill at JBridgenortli erected 
by my grandfather abont the same time. 

" The thrashing engine was a side-lever engine, worked with 
a three side-way cock and tappet, a cylinder about 8J- inches 
in diameter, and a 3 feet 4 inch stroke, cast-iron crank-shaft, 
cross-head, and guides. The boiler was placed underneath the 
engine, the fire under it, with brick fines. The boiler was about 
9 feet long and 4 feet diameter. 

" The old side rods made of wood are still here, and so was 
the engine until about twelve years ago. I sent the cylinder, 
&c., to Coalhrookdale. 

" I am, Sir, 

" Yours truly, 

"Thomas Smith." 

The Stableford agricultural engine was probably 
made in 1804, The cylinder, of 8^ inches in diameter, 
is precisely the size of that in the Welsh locomotive, 

' Iti»)|lecli(iii» nf Mds. Mtmn, Briilgenortli, 12lh •tune, 18(;9. 
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bnt the stroke was reduced from 4 feet G inclies to 3 f 
4 inches, being very nearly the Bame as the Newcastle 
locomotive. The cross-head, side rods, and boiler were 
very similar to the Welsh stationary engines of that 
date. This engine remained in use more than fifty yearn. 

The engines specially referred to in this chapter fully 
prove, from their length of service, the practical cha- 
racter of Trevithick's inventions, and of bis having 
persevered with his high-prc&snre portables nntil their 
usefulness as locomotives and as agricultural helps ha*! 
been established; but the ploughing, though fully de- 
fiigned, and probably put into practice, waa not followed 
up to the same approach to perfection, or the record of 
its progress has been lost. 

Since the foregoing was written, the following has 
been received : — 
" Db\R Sir, " TREwrrREN, PnoBtrs, J/dy 17lh, 1872. 

"The engine you refer to is still occasionally used here; 
when first erected tliere was a lai^e qiinntity of corn thnded 
by it, but of late years it Las not been much used except fot 
chaffing, bruising, &e. 

" I rtninin, dear Sir, 

"Yours truly, 

" \Vm. Trethnot. 

"P. TbBVITHIcK, Esq," 

Trevithick's Trewithen engine, wJiich sixty years ago 
was more manageable than horses going momentarily 
faster or slower at the will of a common labourer,' re- 
mains in use unchanged. 

His preparations for South America, and application 
of high steam in the large Cornish pumping engines, 
interfered with the perfecting the smaller agriciiltmil 
work. 

' Btc vol. ij., 1.. S!*. 
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When in the autumn of 1810 Trevithick returned to 
Cornwall, tlie experience of ten busy years had esta- 
blished tlie practicability and usefulness of the high- 
pressure engine. The principles of the invention were 
now to l)e applied on engines of the largest size. 

In 1811, the late Captain S. Grose, a young pupil of 
Trevitl lick's, was employed to erect at "Wheal Prosper 
Mine, in Gwythian, the first high-pressure steam pole 
condensing engine. It was placed immediately over 
the shaft and pump-rods, requiring uo eugine-beam. 
Tlie air-pump, feed-pump, and plug-rod were worked 
from the balance-bob. The pole was 16 inclies in dia- 
meter, with a stroke of 8 feet. The boilers were two 
wroMght-iron tubes, 3 feet in diameter and 40 feet 
long. The fire was external. Shortly after Captain 
H. A. Artha erected several of those pole-eugines for 
Trevitliiek. The drawing shows the simplicity of parts 
of this highly expansive steam-engine, beginning the 
np-stroke with steam of 100 lbs. to the inch above the 
atmospheric pressure, expanding it during the stroke 
down to a pressure of 10 lbs,, and then condensing 
to form a vacuum for the down-stroke. It cost 750 
guineas. 

The drawings of this expansive pole condensing en- 
gine are from the dimensions given by Captain Grose 
who erected it, and by Captain Artha who knew it well. 
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" When a boy I was placed as an apprentice or learner witli 
Captain Trevithiok, before he left Cornwall for London. On 
his return to Cornwall, about 1810, lie employed mo to erect 
his first high-pressure expansive pole pumping engine at a mine 
in Gwythian. 

'■ The pole was 16 inches in diiimeter ; the stroke was very 
long, but I do not exactly recollect the length. It had a con- 
denser and air-pump. There wore two boilers made of nrought 
iron, 8 feet in diameter and 40 feet long. The fire was placed 
under them at one end, and flues went round them. A feed- 
pump forced water into the boilers; each had a safety-valve 
with a lever and weight. The sfeam in llie boiler was 100 lbs. 
to the square inch. The pole was raised by the admission of 
the strong steam under its bottom. Tiie stenm-valve was closed 
at an early part of the stroke, and the steam allowe<l to expand ; 
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at the end of the stroke it was reduced to 20 lbs. 
tlie ex Lft list- valve allowed the steain to pass to the condeuser, 
and tlie pole made its down-stroke in vaetium. A Lalance-bub 
re<;iilaled the movement of the engine. 

" Trevithick's character in those days was, that lie always 
began some new thing before he had finished the old." ' 

Captain Artha, one of his assistants, said :■ 
"I erected several of Captain Trevithiek's pole-enj 
My brother Kichard worketi the one at Wheal Prosper 
first erected. The }iolo made an 8-fect stroke. The case w« 
fixed over the engine-shaft on two bpams of timber from wall to 
wall. A cross-head was bolted to the top of the pole, and from 
it two side rods descended to a cross-piece under the pole-case, 
from which tlie pump-rod went into the shaft. A counccling 
rod worked a balance-beam, which worked the air-pump, feed- 
pump, and plug-rod for moving the valves. The steam, of a 
very high pressure, worked expansively."^ 

The first admission of the high-pressure steam under 
the pole was equal to a force of 8 or 9 tons, causing it 
and its attached pump-rods to take a rapid upward 
spring. Having travelled 1 or 2 feet of its stroke of 
8 feet, the further supply of steam from the boiler was 
cut off; and its expansion, together with the momentum 
of the raas8 of pump-rods, completed the upward stroke. 
The presaure of the steam in the pole-case at the finish 
of the up-8lroke would be reduced to eay 10 or 20 lbs. 
to the inch, according to the amount of work on tlie 
engine. The steam then passed to the condenser and 
air-pump, and the engine made its down-stroke by the 
vacuum tmder the pole, and by the weiglit of the de- 
scending pole and purap-rods. 

Each boiler was a wrought-iron tube 3 feet in dia- 
meter and 40 feet long, the tii-e-place under one sid, 
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with brick flues esuTving the heated iilr under the whole 
length of the bottom of the boiler, and back ugain over 
the top or steam portion for superheating. 

[Rough diBft.] 

"CiMBOttNE, 28lh Februani, 1B13. 
"I will engage to erect a puffer eteani-ennine, everything 
complete at the siirraee, on the Cost-all-loat Mine, capable of 
lifting an 8-inch bucket, 44-feet stroke, twenty-four strokes 
per minute, 30 fathoms deep, or 280 gallons of water per 
minute from that same deptli, being a duty equal thereto, for 
550 guineas. But if a condensing engine, 600 guineas. If of 
the same size us Wheal Prosper, 750 guineas, 

" RlrHARD Thevithick," 



The engines, erected in 1811 or 1812, combined the 
novelty of tlie steam pole-engine, with the use of liigh- 
pressure fiteam ot" 100 lbs. on tlie square inch, and the 
comparatively untried principle of steam expansion, 
carried to what in the present day is tliought an ex- 
treme and unmanageable limit. 

The Wheal Prosper engine fixed near the sea-shore 
at Gwythian is referred to in Trevithick's note to Mr. 
Rastrick,' as "that new engine you saw near the sea- 
aide, with me, is now lifting forty millions, 1 foot high, 
with 1 bushel of coal " (84 lbs.), "' which is very nearly 
double the duty that is done by any other engine in the 
county." 

This was probably the first application of high-pres- 
sure steam to give motion to pump-rods. The engine, 
a» compared witii the neighbouring \Vatt low-pressure 
steam vacuum pumping engines, was small, but the 
principles of bigli Bteam, expansive working, and va- 
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cuum, were combiueil successfully to an extent scarce^* 
ventured on by modern engineers. 

Trevithick's high-pressure condensing wbim-engineM 
had been for some years at work in Cornwall, but mine 
adventurers had not dared to risk the application of 
high-pressure steam to the large pumping engines, 
fearing its great power would prove unmanageable, 
and its rapid movement cause breakage of the pump- 
rods and valves. 

Two distinct inventions or imprnvements, each of 
which was actually followed up in different mines, 
Bhow themselves in this engine: one being the form of 
boiler to give with economy and safety high-pressure 
expansive steam for large engines; the other, the ap- 
plication of a pole in lieu of a piston, as a more simple 
engine for working with strong expansive steam, and 
. more easily constructed by inexperienced meclianio', 
who had none of the slide lathes or planing machines 
80 much used by engine builders of the present day. 

"About 1814 Cnptaiii Trevithick erected a large high- 
pressiu-e Bteam-puffer iiiimpinp; engine at the Herlaiid Mine. 
The pole waa about 30 inches in diameter, and 10 or 12 feet 
stroke. There was a cross-head on the top of the pole, and side 
rods to a croas-head nnder the pole-case. The side rods worked 
in guides. The jiole-ease was fixed to strong beams immediately 
over the pumji-shaft. Tho steam was turned on and off by* 
four-way cock, Tlie pressure wns 150 lbs. to the inch above 
the atmosphere. Tlie boilers were of svrought iron, eyiindrical, 
about 5 feet 6 inches in diameter and 4U feet long, with an 
internal tube 3 ft. in diameter. The fire-place was in the tube. 
The return draught [tassed through externid brick flues."' 

" When a young man, living on a farm at Gurlyn, I was Eent 
to Gwinear to bring home six or seven hnllocka, Herland Mine 

CnptHiii Chark's Thoiimb, lUiLiiagrr of Dulcovth 
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rmuph out of my way, so I drove the bullocks across 
Herland Common toward the eiigino-house. Just as the 
bullocks carae near the engine-house the enf^ine wits put to 
work. Tho steam roared like thunder through an underground 
pipe about 50 feet long, and then went off like a gun every 
stroke of the engine. The bultooks galloped off — some one way 
aud some liuother. I went into the engine-house. The engine 
was a great pole about 3 feet in diameter nnd 12 feet long. A 
cast-iron cross-head was bolted to the top of the pole. It had 
side rods and guides. A piece of iron sticking out from Idie 
cross-head carried the plug-rod for working the gear-handles. 
ITie top of the pole worked in a stuffing bos. A large balance- 
beam was attached to the piini p-rods, near the bottom cross-head. 

"There were two or tliree of Captain Trevithick's boilers 
with a tube through them, the fire in the tube. They seemed 
to be placed in a pit in the ground. The brick flues and top of 
the bricks were covered with allies just level with the ground. 
A great cloud of steam carae from the covering of ashes. 

" I should think the pressure was moj-e than 100 lbs. to the 
inch. People used to ?ay that she forkeil the mine belter than 
two of Boulton aud Watt's 80-inch cylinder engines. We could 
hear the puffer blowing at GuHyn, five or six miles from the 
Herland Mine. 

"In 1813 I carried rivets to make Captain Trevithick's 
boilers in the Mclliuear Mine ; they were 5 feet in diameter and 
30 or 40 feet long, with an internal fire-tube. It took four or five 
months to build them. In the present Any (ISitli) a fortnight 
would build them. The largest boiler-plates obtainable were 
3 feet by 1 foot. We had to hammer them into the proper 
curve. The rivet-holes were not opposite one another. A. 
liglit hammer was held against the rivet-head in riveting, in 
place of the present heavy one, so the rivet tised to slip about, 
and the plates were never hammered home so aa to make a 
tight joint."' 

Lest the reader should doubt the couiparativo power 
of the Watt low-pressure vacuum and Trevithick's liigh- 

t Ittcullwtiuiis uf Mr. J;i[ii™ Itaulidil, IViiwiLitf, 1871. 
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pressure steam-eiigi: 

calculation shows tliat taking Stuart's' estimate of the 
effective power of tlie Watt engine at 8^- lbs. on each 
. square inch of the piston, and Trevithick's engine at 
anything approaching to 150 lbs, on each square inch, 
it liecomes evident tliat tlie lattei- would be ten or 
twenty times more powerful than the former. A few- 
figures will put the question in more practical form. 

The Wheal Prosper 16-ineh pole higli-pressure ex- 
pansive steam vacuum engine commenced its up-stroke 
with steam of 100 Iba. on the inch, acting on the 
122 square inches of the pole, which steam at the fiuisli 
of the stroke was reduced by expaneion to 10 lbs., 
giving, say, an average steam pressure of 55 lbs. The 
down-stroke was caused by a vacuum imder the pole of 
14 lbs. on the incli, reduced by, say, one-tliird loss in 
working the air-pump to 9 lbs., giving fi-om the com- 
pound stroke a force of 64 lbs. on each square ineb, 
which, multiplied by the area of the pole, gives a net 
force of 7808 lbs. 

The Herland 33-inch pole high-pressure expanave 
steam puffer-engine commenced its up-stroke with 
steam of 150 lbs. on the inch, acting on the 855 sqaare 
inches of the pole, which steam at the fijiish of the 
stroke — we will suppose— was reduced by expansion tfi 
75 lbs., giving an average steam pressure of, say, 112. 
As this puffer-engine used no vacuum, the down-stroke 
gave no increase of power; its compound stroke was 
therefore a force of 1 12 lbs. on each square inch, which, 
multiplied by the area of the pole, gives a net force of 
95,760 lbs. 

To compare the Trevithiek high-pressure steam 

pumping engine, with the Watt low-pressure steam 

' Seo Stuart's • Hi«l..ry nf ilic Suwii-Kugi 
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pumping engine, take one of tlie largest of the latter, 
made about tliat time, say, with an SO-inch cylinder, 
wliich commenced its down-stroke with steam of, say, 
3 lbs. on the inch, acting on the 5000 square inches 
of the piston, which steam at the finish of the stroke 
— the writer is describing the usage at that time, 
for Watt himself advocated a less steam pressure — 
was reduced by expansion to, say, 1 lb., giving an 
average steam pressure of, say, 2 lbs. on the top of the 
piston, whose under side was in vacuum equal to 14 lbs. 
on the Inch, reduced bj, say, one-third loss in working 
the air-pump to 9 lbs., which power, from vacuum 
added to the 2 Iba. from steam, gives a net force of 
11 lbs. on each square inch of the piston. As the Watt 
pumping engine moved in equilibrium during its up- 
stroke, it thereby gained no increase of power; its 
compound stroke was therefore a force of II lbs. on 
each square inch, which, multiplied by the area of the 
piston, gives a net force of 55,000 lbs. 

The practical comparison therefore stands,— Trevi- 
thick's 16-inch pole high-pressure steam, and vacuum, 
on each inch 64 lbs., net force 7808 lbs.; Trevithick's 
33-inch pole high-pressure steam, without vacuum, on 
each inch 112 lbs., net force fl5,7G0 lbs.; Watt's 
80-inch piston, low-pressure steam, and vacuum, on 
each inch 11 lbs., net force 55,000 lbs. As the first 
cost was mainly dependent on the size, the Trevithick 
engine was commercially mucli more valuable than the 
Watt engine. 

"I saw Ciiptdin Trevithick's puffer working at tlie Uerlaiid 
Mine. The steam used to blow off like blue fire — it was so 
strong. The lover on the safety-valve was abuut 3 feet long, 
with a great weight on it, more than a hundredweight. The 
engine did not answer \ery well, for the packing in the j 
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stuffing box used to burn out, and a cloud of steam escaped. 
The greatest difficulty waa in the leaking of the boilers. You 
could hardly go near them. Before that time we always put 
rope-yarn between the lap of the boiler-plates to make the 
seams tight. Captain Uick's high-pressure steam burnt it all 
out. He said, ' Now you shall never make ftnother boiler for 
me with rope-yarn.' Everybody said it was impossible to make 
a tight boiler without it. We put barrowfula of horse-dnng 
and bran in Cnptain Dick's boilers to stop the leaks." ' 

This difficulty of malcing a, tight aud safe boiler, tliat 
puzzled Watt, was moonshine to Trevithick. When 
the strained boiler and flinching rivets allowed the 
boiler-house to become full of dense steatu, Trevithick 
told them to cover it up with ashes, they would not 
see it quite so much then, and it would keep the beat in 
the boiler. Bran or horse-dung inside was a good thing 
as a stop-gap, though it added not to the streng'th of the 
boiler. Trevithick was liimself in a cloud of steam in 
the engine-house; yet, with such surroundings, he turned 
on and off his gunpowder steam, from his cannon of a 
pole-case, of"40 tons force, sending his lx)]t-shot pole, 
'63 inches in diameter, its destined course of ten feet, 
aud back again, as though it were a sluittlocock, several 
times in a minute. 

Having by one or two years of experience proved the 
value of his new pole-engine, he applied for a patent ou 
the 13th June, 1815,^ of whieh the following is the 
portion referring particularly to the pole-engine : — 

"Instead of a piston working in the main cylinder of the 
steam-engine, I do use a plunger-pole similar to those employed 
in pumps for lifting water, and I do make the said plunger-pole 
nearly of the same diameter as the working cylinder, banug 

' HL'tiry Ciark of Redruth, in 18fi9, aged cipiitv-tliiw 
' Sec full copy of patent, chsp. xvi. 
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only space enough between the pule and tlie cylinder to prevent 
friction, or, is case the steuin is adinitteij near tlie sttifling box, 
I leave sufficient room for the steam to pasB to the bottom of 
tiie cylinder, and I do miike at the upper end of the cylinder for 
the plunger-pole to pass through a stuffing liox of much greater 
depth than usual, into ivhieh stuffing box I do introduce enough 
of the usual packing lo fill it one-third high. Upon this packing 
I place a ring of metal, occupying about another third part of 
the depth of the stuffing box, this ring having a circular graove 
at tliG inside, and a hole or lioles through it couiniunicating 
with the outside, and with a hole through the side of the stuffing 
box; or, insti;ad of one ring containing a groove, I sometimes 
place two tliinner rings, kept asunder by a number of pillars to 
about the distance of one-tliircl of the depth of the stuffing bos, 
and I ]>ack the remaining space above the ring or rings, and 
aecure the whole down in the usual manner. The intention of 
this arrangement is to produ™ the effect of two stuffing Itoxes, 
allowing a space between the two stuffings for water to pass 
freely in from the boiler or forcing pump through a pipe anil 
through the hole in the sile of tlie stuffing box, so as to 
surround the plungei'-pole and form the rmg of water for the 
purpose of preventing the escape of steam by keeping up an 
equilibrium between the water above the lower stuffing and the 
stAiini in the cylinder. By this part of my said invention I 
obviate the necessity of that tight packing which is requisite 
when steam of a high pressure is used, and consequently I avoid 
a (greater proportion of the usual friction, because a very 
moderate degree of tightness in tiie packing is quite sufficient 
to prevent the passage of any injurious quantity of so dense a 
fluid as wafer. And I do further declare that I use the plunger- 
pole, working in a cylinder and through a double stuffing, either 
with or without a coudenser, according to the natni-e of the work 
which the steam-engine is to perform." 

"- Though Trevitbick has been spoken of as a visionary, 
intractable schemer, observation shows that he adhered 
with tenacity to original ideas, proved to be good. 
The piunger-pole pump, the water-pressure engine, the 
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Camborne locomotive, the pole steam-engine, were all 
built on tlie same groundwork originally started with, 
of greatest simplicity of form, and absence of many 
pieces; and it may be observed that he never applied 
for a patent until the value of the idea had been proved 
by experiment. 

In practice the difficulty of keeping the pole-packing in 
'order was one of the objections to the plan ; for it either 
leaked, or, if packed tight, cansed much friction and 
wearing away of tlie middle of the pole faster than Ilie 
ends, from the greater speed at the middle of the stroke. 
The steam-ring was therefore of impoiiance in the 
engine, in those days of inaccurate workmanship; like 
the water cup on the gland of the plunger-pump packing, 
it prevented external air from injuring the vacuum. 

** Mn. Giddy, " CAYBnnsE, Jul;/ sth, isis. 

" Sir, — About ft fortnight since I received letters from 
Lima, and also letters to the friends of the men who eaQed 
with the engines. Tliey arrived on the 29th January, after n 
very good passage, and without one hour's sickness. Both their 
and my agieements were immediately ratified, and they are io 
high spirits. The ship fiinshed discharging on the 11th Febra- 
ary, which was the day those letters sailed from Lima witb 
K12,000 for me, which has all arrived safe. 

"I shall make unother fit-out lor them immediately. I 
expeet that all the engines will be at work before the end of 
Oetober; half of them must be at work before this time. The 
next day, after their letters sailed for Europe, they intended lo 
go back to the mines. Woolf's engine is stopped at Herland. 
and I have orders to proceed. A great part of the work is 
finished for them, and wijl be at work within two months from 
the time I began. I only engage that the engine shall be eqnal 
to a B. and Watt's Tli-inch single, hut it will he equal to a 
double 72-inch cylinder. It is a cast-iron plunger-pole, over tlie 
shaft, of 33 inches diametor. lO-feet stroke. The lioiler ia two 
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tubes, 45 feet long each, 3 feet diameter, ^ an incli thick, of 
wrought iron, side by aide, nearly horizontal, only 10 inches 
higher at the steam end of the tubes, to allow the free passage 
of steam to the steam-piije. There are two -1-incli valves, one the 
Rteam-valve, the other the dischargiDg valve. I have made the 
plunger-case and steam-vessel of wrought iron J of an inch thick. 
The steam-vessel is 48 inchea in diameter. The plunger stands 
on beams over the shaft, with the top of it at the level of the 
surface, with a short T-piece above the plunger-pole, and a side 




rod on each side, that romcs up between the two plunger-beami 

in the shaft; tliis does away with the use of an cugine-bean 

and the plungers do away with the use of a balance-beam. 

vol*. II. u 
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" The fire is iinder the two tiibea, and goes under them for 
4.") feet, and then returns a^in over them, and then np the 
chimney. Those tubes need no boiler-house, because thev are 
arched over with brick, which keeps them from the weather, 
and scarcely any engine-house is needed, only just to rover the 
enginenian, 

" Suppose a 72-incb cylinder (having 4000 inches), at 10 lbs. 
to the inch, an 8-feet stroke, working nine strokes per minute 
(which is more strokes of that length than she will make whpn 
loaded to 10 Iha. to the inch). 
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" Suppose a 33-inch plunger-pole, lO-feet stroke, ten strokes per 
minute (whidi ia not so fast by three or four strokes per minntp 
as this engine will go, l)ecau9e she will have no hea\"y beam to 
return, neither will aha have to wait for condensing, like B. and 
Watt's, which, when loaded, hangs very long on the injectJCTi). 
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" I should judge that less than 50 lbs. to the inch alxn-e Ilic 
atmosphere would be quite enough to do the work of a V2-incli 
cylinder singh-, which is but a trifle for those wrought-iron tubs 
to stand. This engine, everything new, house inclnded, readj 
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for work, will not exceed 700/. Two mouths are sufBcieiit fur 
precling it. The eng:ine of Woolf'e, at Wheal Vor, which ib but 
two-thirJs the powor of a 72-inch cylinder, single power, cost 
8000/,. and was two years erecting. I would be rtinch obliged 
lo you for your opinion on this business. 
"I remain. Sir, 

" Your very humble servant, 

■'Richard Trevithick. 

" I am sorry to say that the mines in general are very 
poor." 

He shows that with eteam of 34 lbs, to the inch, hia 
Herland pole puffer steam-engine of 33 inches in dia- 
meter would be equal in power to the Watt low- 
preesure steam vacuum engine, with a 72-inch cylinder. 
Herland, like Dolcoath and Wheal Treaaiirv, was the 
chosen Imttle-groimd of rival engineers ; fifty years 
after Newcomen had there erected his famously large 
70-inch cylinder engine, Watt surpassed it in size by 
a cylinder 2 inches more in diameter, and, after per- 
sonally superintending its erection in 17f)8, declared 
that " it could not be improved on." Mr. Davey, the 
mine manager, considered tliat it did twenty millions of 
dutj', tliough Mr. Watt had made it twenty-seven 
millions with a bushel of coal.' This difference is pro- 
bably explained by the then Cornish bushel weighing 
84 lbs., while Watt generally calculated a bushel at 
112 lbs. 

Trevithick ileclining to believe Watt's prognostica- 
tion, a public test of Watt's engines in the county 
wa.s demanded; Mr. Davies Gilbert, with Mr. Jenkin. 
were requested to report on their duty, and ga^ 
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I7i*8 att averaging seventeen millions.' During 
same year the adventurers in Herland Mine engaged 
Trevithick and Bull, jun., to erect a GO-inch cylinder 
Bull engine to compete with Watt's 72-inch cylinder, 
The result of tliis fight is not traceable, nor what took 
place there during the succeeding fifteen years ; wlieii 
in 1814 Woolf erected in Cornwall hia double-cylinder 
engine to compete with Watt'a engine, and Ti-evithicfc 
attacked them both with his Herland high-pressure pole 
puffer in 1815, when he erected at his own risk and 
cost a 33-inch pole-engine, engaging that it should, botb 
in power and economical duty, equal the Watt 72-iiicii 
engine. The boilers were similar in form to those used 
a year before in Wheal Prosper high-pressure steam 
vacuum pole-engine, being two wrought-iron tubes, 
each 45 feet long and 3 feet in diameter, made of pistes 
half au inch thick. The fire was in external flues. The 
engine was fixed directly over the pump-rods in the 
shaft, using neither main l>eam nor air-purap. 

Trevithick's rough Imnd-sketch shows the steam-ring 
in the stuffing box and the steam-vessel ; the particular 
use of the latter he has not described : probaljly it was 
because Cornish pumping engines, not having the con- 
trolling crank to limit the movement of the piston, are 
obliged to trust to the very admirable, but little lui- 
deretood, steam-cushion, without which the ascending 
piston would inevitably strike and break the cylinder^ 
cover, while in the pole puffer-engine this danger ww 
during the descent of the polo, and therefore the 
discharge-steam valve was closed, while the steam hi 
the pole-case was still of ten or more pounds to the 
inch, so that by the time the pole readied the finish of 
its down-stroke, it had compressed this sleam-cushioD, 

' Lrain'u ' IliakTioHl Stawment of the StCiii. 
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filling also the ateam-vessel, with a pressure approacli- 
ing to that in the boiler, and equal to the weight of the 
pole and pump-rods. A comparatively small supply 
of steam from the boiler into the steam-vessel brought 
it up to the boiler pressure, sending the pole and pump- 
rods upwards with a spring. The steam-valve then 
closed, allowing the momentum of the great weight of 
pump-rods, together with the expanding steam, to com- 
jilete the up-stroke. The discharge-valve was then 
opened for a moment, allowing a blast of steam to 
escape, reducing the pressure say to one-half. The 
weight of the rods caused their downward movement, 
raising the load of water in the plunger-pole pumps, 
and at the same time compressing the steam from 
the pole-case into the steam-vessel, equal at the finish 
of the stroke to the support of the pole and pump- 
rods. This most simple steam-engine combined in the 
greatest degree the two elements of expansion and 
momentum. 

The up-stroke began with a much higher pressure of 
steam than was necessary to raise th^ load ; having 
given momentum to the rods, the supply of steam was 
cut 00", and the stroke was completed by expansion. 
The down - stroke began with a comparatively low 
pressure of steam imder the pole. The unsupported 
pump-rods fell downwards, setting in upward motion 
the column of water in the plunger-pole pumps. The 
discharge- valve was closed long before the completion 
of the down-stroke, and the momentum of the moving 
mass of rods and water compressed the steam driven 
from the pole-case into the steam-vessel up to a pressure 
equal to the support of the pole and pump-rods. The 
jxile was, therefore, continually floating or W";""- nud 
fiilliug in steam of ever-varying pre 
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Trevitliick' s figures show the working power of the 
33-incb pole as much greater than Watt's 72-iuch 
cylinder engine, even when the steam pressure in the 
former was much reduced, and tliat Woolf's douWe- 
cylinder engine, of less power, cost ten times as much 
as the pole-engine. This sum probably included tlie 
costly buildings required for the beam-engines, which 
Trevithick's plan dispensed with. 

The reader may judge of the perfection of mechattisni 
in this plain-looking engine from the fact that a pole, 
with 150 lbs. of steam to the inch in tlie boiler, was 
equal to 50 or 60 tons weight, thrown up and down its 
10-feet stroke ten or fourteen times a minute, with a limit 
of movement perfectly under control, while modem 
engineers are building ships' turrets because of the 
difficulty of raising and depressing a 30-ton gun froiu 
the hold to above the water level. ^H 

[!;.,iiyi, ,ir.tiL] ^1 

" SlK, " I'AMnoBNB, Stplembtr I2lt, 1815. 

"I received a letter dated the 20th of August, from 
Mr. Davies, in wliich he did not mention the name of Hcrhiad 
caHtings. On the ;i4th of the same month I wrote to yoo, in- 
forming you of the same, aud requesting to know what state of 
forwardness the castings were in. On the 30th of August I 
received another letter from Mr. Davies, not saying what state 
of forwardness the castings were in, nor when they would be 
finished, only timt they would set their hands about ihem, and 
that I might expect a letter from you stating the particulars, 
which has not yet come to band. I have waited so hing that I 
tim quite out of patience. You will know that it is now nearly 
double tl)e time that the castings were to liave been finished id, 
and you have not yet answered my letters as to the state of tLe 
castings nor when they will be finished. I must again request 
you to write to me on this subject, otherwise I nnist imraedr- 
alelv remove thu oitlers to some other founders that luav Ije a 
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little more attentive to their eustumers. I must be inloriued in 
the positive, whether the castings will be at Bristol by the next 
spring-tide, aa a vessel is engaged for the purpose of taking tbem 
to Cornwall. 

" Youra, &c., 

"H. T. 
"Mb. Johs lUnTRicK, 

" Chepitoia, South Wulu," 

Rastrick, whom lie had known at the Thaiiies Drifts 
way, had become the mamiging engineer at the Bridge- 
north Foundry. 

[lliiugh dralt.] 

"Me. Geokgb CoWlE, "Camborsk, iSyi(f7n6*i- 29(A, 1813. 

" I received your favonr of the 20th, and on the 23rd 
called OQ Mr. \Vm. Sims, your engineer, who went with me to 
Beeralstone Mine the same day. We arranged on the spot 
what was nei^essitry for the engine, i hope it will be at work 
in good time, before the winter's floods set iu. Nothing can 
prevent it, unless the castings are detained by contrary winds. 
The boilers are nearly liuished in Ct)rnwall. The castings at 
Bridgenorth are in a forward state. I intend leaving this 
evening for Bridgenorth, to aliip the castiags, both for Herland 
and Beeralstone. It was the wish of the agents on the mine 
that these castings might be sent to Swansea, and taken from 
thence to the mine with a freight of coal. I shall, if possible, 
get the Herland castings in the same ship. The workmen 
mttking your boilurs want an advaiiuie of cash to enable them to 
finish. They provide both iron and labour, for which they are 
to receive 42i. per ton for the boiler when finished ; the weight 
will be about 8 tons. You may send this money to Mr. Sims or 
to me, or otlierwise you may direct it to Mr. N. Holman, boiler- 
maker. Pool, near Truro. lUO/. will satisfy them for the present. 
I hope to be in London this day week, and will call at your 
office. 

■• Yours, Ac, 

'■ It, TitEvmiKii." 
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The pole-engine was not only used in several mines 
shortly after its first introduction, but Mr. Sims, the 
leading engineer of the eastern mines, not generally 
favourable to Trevithick, advocated its application in 
the traditional Watt district. 

Scarcely had he smoothed the way with one opponent 
than another sprung up in an unexpected quarter. His 
brother-in-law, Harvey, with his once friend, Andrew 
Vivian, then a partner with Harvey, opposed hie plans 
at the Herland. They were annoyed at Trevithick's 
sending his orders for castings and machinery to Bridge- 
north, and may have had doubts of the success of the 
new inventions. They had authority in the mine, pro- 
bably as shareholders, a position generally acquired in 
Cornwall by those who supply necessary mine mateiial. 
as well as by the smelters who buy the mineral from the 
mines. The "Williamaes and Foxes, controlling the eastern 
district of mines, were also shareholders and managers, 
supplying machinery and buying the mine produce. 

[Hough draft.] 
" Sir, " Penzance, 13(A December, 1815, 

"Yesterday I was at Herland, where I was informed 
that Captain Andrew Vivian liad been the day before, on his 
return from Mr. Harvey's, and discharged all the men on the 
mine, without giving them a moment's notice. Before the 
arrival of the castings the pitmen, sumpraen, cari>enters, and 
smiths were very busy getting the pit^work ready ; at which 
time il. Harvey and A. Vivian were exulting in reporting that 
tiio iron ore was not yet raised that was to make the Herland . 
castings. The day that they heard of their arrival they dis- 
charged all the labourers, and ordered the agonta not to admit 
another sixpence-worth of materials on the adventurers' aocoon^ 
or employ any person whatever. 

"The agents sent a short time since to Perran Foundry' far 
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the iron saddles and brassea beloDging to the balauce-bob, tlie 
property of the adventurers ; but they refused to make them, 
with a great deal of ill-natiired language about my tngine. 

" I am determined to fulfil my eugagement with the adven- 
turers, and yesterday ordered all the smiths, earpentere, pit- 
men, and annipmen to prepare the adventurera' pit-work, and 
ordered the agents to get the balance-bob and every other thing 
that may he wanted at my expunae, so aa to fork the first lift, 
which I hope to have dry by Monday three weeks. The engine 
will be in the mine this week, and in one fortnight after I hope 
the engine will be at work, and in less than a week more the 
first twenty fathoms under the adit will be dry. 

"In consequence of the Perran people refusing to send the 
saddles and brasses for the balance-bob, we will make shift in 
the beat way we can without them. The brasses I have ordered 
on my own account at Mr. Scanllebury's. The coals for the 
smiths I have algo ordered, and the same for the engine to 
fork the first lift. This ia very uncivil treatment in return for 
inventing and bringing to the public, at ray own risk and es- 
j>en8e, what I believe the country could not exist without. I 
am <Ietermined to erect the engine at all events and upset this 
coalition before I leave Europe, if it detains me oul' year to 
accompUsli it. 

" I remain, Sir, 

" Your very humble servant, 

"RlCQAHD TKEVITHICK. 
" Mb, Philup, 

" G<:orge Tard, Lombard Slrrtl. 

" P.S. — I should be glad to hear from you what is going 
forward respecting an arrangement of the shares." 

[Rough draft.] 

" Gentlemen, " i'eszakce, 23cd ihcembn-, :8i5. 

" I have received the Plerlaud castings, and am vei'y 
seriously sorry to say, after we had fixed together the castings on 
the mine and made the joints, on attempting to put the plunger- 
pole into the case it would not go down; neither would cither 
of the rings go to their places into the eyliader and on to the 
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pole ; therefore the wliule engine must be ugiiiii taken to pieL-es 
and Bent to a turning und boring mill to be newly lamed and 
bored. How to get tbis done I cannot tell, for the founders 
here tvili nut do it becuuse they bad nut tbe easting them. 
Already great expenses bave been incurred by delays, and now 
to send tbem back to Bridgeiiortli at an immense loss of lime 
and money will be a very serious business indeed. I tbink that 
either the cylinder ia bored crooked or tbe plunger-pwle turned 
crooked, or both, as it will sink farther down into the cylinder 
on tnrning it round on one side than it will on the other. The 
whole job ia most shamefully fitted up, and was never tried 
together before sent otl'. Write to me by return of post and 
say whitt I am to do in this ililemma. ''^M 

" Yours, Arc, ^^M 

"lllCHAilU Trevithioc^H 

" HAKELmSB, JUbTIHCK, AM) Cu., ^^ 

" BridgnnortL" 

The new engine-work from Biidgenorth on arrival 
was found to be so inaccurately made that, the pole 
would not go into the pole-case. Heurj Phillips,' wLo 
saw tbe engine make its first start, sjiys : — 

"I was a boy working in the mine, and several oT us peeped 
in at the door to st-e what was doing. Ciiptaiu Dick was in * 
great way, tlie engine would not start ; after a bit Captain Diclc 
threw himself down upon the Hoor of tlie engine-house, and 
there he lay uiion his hack; then up he jumped, and euatc}ted 
a sledge-hammer out of the bauds of a man wiio waa driving in * 
wedge, and lashed it homo in a minute. There never was a oun 
couH USD a sledge like Captain Dick ; be was as strong as'a bnlL 
Then, lie picked up a spauuer and uns^^rewed something, and off 
she went. Captain Vivian waa near me, looking in at the dotV" 
way ; Captaiu Dick saw him, and shaking his tist, said : ' If yoa 
come in here I'll throw you down the tihaft.' I supjiose Qftptam 
Vivian bad something to do with making the boiler^ ud 
Captain Dick was angry because they leaked clouds of steam. 
You could' hardly see, or hear anyixxly speak iu tbe enguiL-- 
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huiisc, it was so full of steam and noise; we could hear the 
steam-pufl'er roaring at St. Ertb, more than three miles off." 

By tlie end of January, 181G, the engine was ready 
fnr work, and after ten days of experience, lie thus 
described the result : — 

"Mk. DaVIES Giddy, M.P., " " I'ESiAVcB, nth Fehnmnj, ISIS. 

Hir, — I was uuwilliDg to write you imtil I had made a 
little trial of the Herlaiid engine. It haa been at work about 
ten days, and works exceedingly well ; everyone wlio has seen it 
is satisfied that it is the beat engine ever erected. It goes 
more smoothly than any engine I ever saw, and is very easy and 
regular in its stroke. It's n 33-inch cylinder, lOJ-feet stroke. 
We have driven it eighteen strokes per minute. In the middle, or 
about two-thirds of the stroke, it moved about 8 feet par second, 
with a matter in motion of 24 tons ; and that weight returned 
thirty-six times in a minute, with 2 bushels of coal per hour. 
This of itself, without the friction, or load of water, is for more 
duty than ever was done before by an engine, I found that it re- 
quired about 80 lbs. to the inch to work tlie engine the first twelve 
hours, going oue-third expansive, twelve strokes per minute, 
lOJ-feet stroke, with 24 bushels of coal. The load of water 
was abunt 30,000. Tins was occasioned by tlie extreme friction, 
the plunger-pole being turned, and the plunger-case bored, to 
lit so nicely from end to end, that it was with great difltculty 
we coiJd at all force the phiiiger-pole down to the bottom of tlie 
plunger-case. This is now in a great degree removed, and since 
we went to work wa have thrown into the balance-box 4 tons of 
balance, and it would carry 3 tons more at this time. We ratist 
have caiTicd that load in friction against the engine, therefore, 
if you calculate this, you will find it did an immense duty, going 
twelve strokes per minute, lOJ-feet stroke, with 2 bushels of coal 
[>er hour. The engine is now working regularly twelve strokes per 
minute, with (iO lbs. of steam, lOJ-feet sti-oke, three-quarters of 
the stroke expansive, and ends with the steam rather nnder 
atmosphere strong, with considerably within 2 bushels of coal 
per hour. I would drive her faster, but as the lift is liangiiig in 
the i-apstan rope under water, they are not willing to risk it. I 



POLE RTEAM-ENOINK, 



^^H hnvfl raised the steam to 120 lbs, to tlieiucli, tiie joints and ev^^l 

^^B thiQg perfectly ti gilt. I touk tlie packing out of the stuffing box 

^^M and examined it, and fonnd tliat the heat had not at all iujareil 

^H it ; the packing ia perfectly tight, not a particle of steam is lost. 
^^M "I have offered to de{>08it 1000^. to 50U^. as a bet against 

^H Woolf's best engine, and give him twenty millions, bat that party 

^^k refuses to accept tlie challenge. I have no doubt but that by 

^^H the time she is in fork she will do 100 milb'ous, which is the 

^^H general opinion here. The boilers are cerlainly the best ever 

^^H invented, as well as the other parts. The draught is the best 

^H you ever saw ; I have only one-quarter part of tlie fire-bars nn- 

^^M covered, yet from one-quarter part of the fire-place that I first 

^^K made, I find plenty of steam. The greatest part of the waste 

^^H eteam is condensed in heating the water to fill the boiler ; what 

^^H escapes is a mere nothing. The engine will be loaded, when in 

^^H fork, about 52 Iba. to the inch. Now suppose I raise the steam 

^^H BO high at the first part of the stroke as to go so expousive us 

^^M to leave the steam, at the finish, only atmosphere strong, shall 

^^H I, in that case, use any more eoal than at presenl ? The mate- 

^^H rials and joints will stand fur more than that pressure ; 500 IbiL 

^^H to the ineh would not injure them. When the engine gets on 

^^H two lifts, I will write to you again, and in the meantime please 

^^H to give me your tlioughts on tiie engine. Every engine that 

^^V was erecting is stopped, and the whole county thinks of no other 
engine. 

" Tour very obedient servant, 

"Rd. Thevithick." 

LThe new pole puffer-engine worked so satisfactorily 
and its movements were bo manageable that the length 
of the stroke was increased by the spare 6 inches, whicb 
had been allowed as a margin in case of its oveminning 
its intended stroke. It would bear being worked at 
eighteen strokes a minute, while the Watt 72-inch 
engine did not exceed nine strokes a minute ; with 
steam in the boiler of 80 lbs. to the inch it pei'formed 
its work when tlie steam supply was cut off at two- 
thirds of the stroke, completing it by expansion. It also 
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Worked well with steam of 120 lbs. to the inch; but 
tlie want of strength in the piirap-roda and the require- 
ments of the mine caused the regular working pressure 
of steam to he reduced to 60 Iba, on the inch, and to 
he cut off wlien the pole had moved through the first 
quarter of its stroke. The excellent draught causing the 
fire-bars to be reduced to one-quarter of their original 
surface, and the heating the feed-water by the waste 
steara in this powerful pumping engine, indicate the use 
of the blast-pij)e as at that time worked in the Welsh 
puddling-mill engine. Watt's engine was for a moment 
forgotten, that he might challenge Woolf to a trial, 
giving In'm as a help twenty millions, or the understood 
duty of the Watt engine. This non- condensing pole- 
ongine, with 20 tons of pump-rods, moved at a maxi- 
mum speed of 8 feet a second, and was equal to its work 
with a steam pressure of 52 Ihs. on the inch. Trevi- 
tliick contemplated extending the expansive principle 
even furtlier than lie had done in tlie Wheal Prosper 
pole condensing engine, so that at the finish of the up- 
stroke the steam should only be about the pressure of 
the atmosphere, or say from 1 to 10 lbs. on the inch, 
having commenced it with steam of from 100 to 200 lbs. 
on the inch, and cutting off the supply from the boiler 
when ihe pole had gone but a very small part of its 
upwai-d stroke, more or less as the mine requirement*! 
admitted of It. The principle of expansive working and 
momentum of moving parts was of necessity modified 
in its application to pumi>-work. 

" Dear 1'revITHICR, " Eastbouknb, February 15th, I81G. 

" I have been called here by the decease of my wile's 
uncle, and consequently your Iett«rs of the lltli did not reiich 
me til! this day. 

'■ The account you give me of your new engine has been 
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giving a velocity of 8 feet in a secomi, thirty-six different timen in 
a minute, to 24 tons of matter, by tlie consnraption of 2 busliels 
of coal in an hour, is indeed very great, amouuting to about 
fifty-seven and three-quarter millions. So that wlien you obtain 
a proper burden, and the extraordinary friction arising from the 
too close fitting of the plunger-pole and cose la reduced, thei¥ 
seems to be no doubt of your engine performing wonders. 

" I am of opinion that the etronger steam is used, the more 
advantageous it will be found. To what degree it should be 
applied espansivply must be detenniued by experience in 
different cases. It will depend on the rate at which the engine 
requires to be worked, and on the quantity of matter put into 
motion, so that as large a portion as possible of the inertia 
given in the beginning of the stroke may be taken out of it at 
the end. 

" Some recent experiments made in France prove, as I am 
told, for I have not seen them, that very little heat is consumed 
in raising the temperature of steam. And if this is trocof 
course there must be a great saving of fuel by usitig oteant of 
several atmospheres' strength, and working expansive tJirough » 
large portion of the cylinder. I have really been impaticfit 
for a week past to receive some account of your machine, having 
learned nothing about it, except from a paragraph dated Hayle 
in the Truro paper of last Saturday week, and somehow or 
.other the next paper has not leached me. 

" I hope to be in Loudon about Tuesday next, but at all 

events direct to me there, as my letters are regularly forwarded. 

" Believe me, dear Sir, 

" Yours ever most I'aithfiilly, 

"Davtks Giddy." 
[Rim^h dmfi.] 
" Mr. John Adams, " r![ioM.s(iHovE, 8tli Manh, 1816. 

" Sir, — I received your favour of the 12th February, but 

did not answer it in due course, because I was then ^-ecting 

engine on the new plan, which is now at work, and perromH 

excee<lingly well. It ia equal in power fo a 72-incli diameter 
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cylinder, double power of B. and Watt'a, Tlie expense of 
erection, and the consumption of coala in this'enj^'ine, are not 
one-tliird of a B. and Watt's to perform the same work. I am 
the same Treyithick that invented tlie liigh-pressiire engine, I 
have sent out nine steam-engines to the gold and silver mines 
of Peru. I intend to sail for tliat place in alx)ut a month or 
six weeks, but shall appoint agents in England to erect these 
engines. 

" No publication or desnription whatever has been in cir- 
culation, neither is it required, for I have s great many more 
orders than I can execute. 

"I have not seen anything of Mr. Losh's patent engine, or 
Mr. Collins'. 

" If you should go to London I advise you to call on Mr. .Tas. 
Smith, Limekiln Lano, Greenwich, who is an agent for nie, and 
will soon be able to show you an engine on this plan at work. 
" I remain, &c., 

"R. Trevithick." 

Unless the foregoing letters are hased on error, the 
only conclusion to be drawn is that Watt, on the expiry 
of his patent right and of twenty-eight years of labour, 
having erected his masterpiece in Cornwall, was witliin 
a few years so beaten that Trevithick, in his challenge 
to Woolf, offered to throw in the Watt engine as a make- 
weight, and with snch odds to bet him two to one that 
his comparatively small and cheap high-pressure engine 
should beat the two big ones, both in power, in first 
cost, and in economical working. The Watt engine 
was one of his largest, with a 72-inch cylinder. Its 
power was equal to Trevithick 's 3.3-incb polo-engine, 
when worked with steam of 34 lbs. to the inch ; but 
the latter also worked with three times tliat pressure of 
pteam, whereby its power was increased threefold. The 
first cost of tliese engines was probably in inverse ])ro- 
portiou to their power. Trevithick's cost 700/., while 
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tlirce times that sum would not pay for the Watt engiW^ 
The reported duty of Watt's Herland engine was twenty- 
seven millions; and if the trial was with his ordinary 
bushel of 112 lbs. of coal, the duty would only be equal 
to twenty millions with 84 lbs. of coal, which consti- 
tuted the Cornish bushel. 

Trevithick's pole high -pressure steam-engine did 
fifty-seven millions ; in other words, performed the same 
work as the Watt engine with less than half of the daily 
coal. This large economy led to orders for many 
engines, on Ins promise that they should cost much less 
than those of Watt of equal power, and should perform 
the work with one-third of the coal. Some believed 
him, though others were stony-hearted, and as obstiiui^ 
as donkeys. ^^M 

[Ruugh tlraft.] ^1 

" Mr. Phillip, " Peszascb, sih March, leie, 

" Sir, — I long since expected to have heard from you that 
my agreement with the Herland adventurers was executed I 
have in every respect fulfilled my part of the engagement witli 
tlie adventurere, and expect that they will do the same witi 
me. 'file engine continues to work well. Every person tiaH 
has seen it, except Joseph Price, A- Vivian, Woolf, and a foir 
other such like heasts, agrees that it is hy far the best eogjnt 
ever erected. Its performance tells its effects, in spite of «ll 
false reports. 

" Joseph Price and A. Vivian reported that the engine was 
good for nothing, that it would not do four millions, and that 
at the next Tuesday meeting they would turn it idle. On tie 
evening before the meeting they met at Camborne for tliit 
ptu^iose. 

" Captain A. Vivian did not attend the meeting. I oonld 
not help at the meeting threatening to horsewhip J. Price for 
the falsehoods that he with the others htid rejwrted. 

I hear that he is to go to Loudon to meet the Loodoii 
committee on Monday. I hope the committee will 
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J. Price's report as from a disappointed iriau. It is i-eport^d 
that he has bought very largely in Woolf's patent, which now 
is not worth a farthing, besides losing the making my caetings, 
which galls him very sorely. 

" The water sinta regularly 20 fathoms per month, including 
every stoppage. On Monday next I expect they will be putting 
down the second lift. The water rises about 8 inches per hour 
when the engine is idle, and when at work will sink it again at 
the t<ame rate, showing that ttie engine is equal to double the 
growuig etieam. When drawing from the pool the sinking is 
not much above 4 inclies per hour, which shows that the water 
drains from a great distance from the country. The engine is 
going fourteen strokes per minute, 10-feet stroke, ll^inch box, 
\\'hen Herland worked last they drew a ] 4-inch box, 7-feet 
stroke, twelve strokes per minute in winter, and seven strokes per 
minute in summer. Therefore it appears that the winter water 
is about from seven to eight stixikes per minute, and the summer 
water from foiu' to five strokes per minute for this engine, 

" The engine has forked faster the last week than she did 
before, I think that the great quantity of water that was 
laying round the mine at the surface is nearly drawn down, 
and that as we get down to a closer ground the draim^ will 
not be so much. If we have dry weather the water will, at the 
next shallow level, fall off two strokes per minute before the 
next lift is in fork. If it continues the same we can continue 
to sink 20 fathoms per month, exclusive of the time it will take 
to fix the lifts. As we get down the house of water will lessen 
considerably. The expense of the engine is about 100/. per 
month. The sumpraen and others attending on the forking 
the water, about 100/, per month more. They have all the 
materials on the mine for the pit-work, therefore a very trifling 
sum will bring the water down tu the liO-fathom level, when tha 
mine will pay her own expense. 

" I will tliank you for an accrount of the meeting. 

" Your obedient servant, 

"\l. Tnii:viTHiiK," 
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Mr, Phillip was the financial managing shareholder 
— ^more particularly with the Londoners— at that resus- 
citation of Herland Mine ; and though the new engine 
was comparatively cheap, both in Its first cost and in 
its consumption of coal, and satisfactorily reduced the 
water in the mine, payment for it was withheld because 
the currents of self-interest were against Trevithick. 
Mr. Joseph Price was the manager of a steam-engine 
manufactory at Neath Abbey, in South Wales, and had 
been in the habit of supplying castings for Cornish 
mines. Arthur Woolf was then striving to bring into 
use his patent double-cylinder engine, and patent high- 
pressure steam-boiler, which Trevithick looked on as 
copies from Hornblower and himself. This, added to 
Woolf's sarcastic manner of speech, roused Trevithick's 



Putting aside the words of the disputants, the fact is 
stated that the pole-engine, with a reduced steam pres- 
sure, worked a pump 14^ inches in diameter, 10-feet 
stroke, fourteen strokes per minute; while the largest 
and best engine by Watt in Cornwall, placed on the 
same mine, with a 72-inch steam-cylinder, gave motion 
to a pump of 14 inches in diameter, 7-leet stroke, at 
twelve strokes a minute ; being in round numbei*s just 
one-half the amount of the work performed by Trevi- 
thick's comparatively small engine, which had not a 
single feature of the Watt engine in it. 

[Rough draft.] 

" Captain Joe Odqers, " Pknzasob, Mard 7, isie. 

" Sir, — I have your favour of the 27th February, wul 

" requested Mr. Page to send to you a sketi-h of the agreement 

Oil seeing hira yesterday, I Ibund that he had neglected to send 

it to you. He will leave the country for London in a few d«}>, 
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snd intends to cull on you at Dolley's as soon as he arrives. 1 
do not know that the agreement matters much for a few days 
up or down. The terms are well understood between us, which 
is that the adventurers an<i I equally share the advantages 
that may arise from this new engine over Buulton and Watt's. 
When you havo fully arranged with your adventurers about the 
engine, please to write me, and I will immediately proceed 
to order the engine ; and in the interim the agreement will be 
drawn up by Ulr. Page, and exeeuted either here or in London, 



just as may srnt. 



' r remain, Ac, 

" R. Trkvithiok. 



"P.S. — Herland engine goes on better and better. Your 
adventurem will get a satisfactory aecoupit by applying in town 
to Mr. Vila. Phillip, No. 2, George Yard, Lombard Street, He 
is the principal of the London adventurers." 

Trevithlck believed that mine adventurers would 
agree to pay liim oue-lialf the Siiviiig caused by his 
engines, as compared with the cost of fuel in the Watt 
engine. The duty performed by the latter was under- 
stood and agreed to generally ; persons were choaen by 
the adventurers to experiment and report on the duty of 
TrevithicVs pole-engine, that the amount of payment 
might he ascertained in proportion to the saving effected. 

" Mb. Giddy, " r^NKaNtE, Ap,ii 2, isifi. 

"Sir,— I have long wished to write to you about the 
Herland engine, but first wished to see the engine loaded witli 
a second lift, and a trial made of the duty. Yesterday was 
fixed un, before ordering auotlier engine for the eastern shaft 

"The persons allended. The arbitrators gave the duty as 
forty-eigiit millions, and said they had no doubt the engine 
would perform abnve sisty millions before getting to the bottom 
of the mine, 

" They were much within the duty, but I did not contend 
with them, as ihey aaid it was quite duty enough. 

H 2 
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"Tlie engine worked &^ strokes per minute, with 2 bni 
of coal per liour for t!ie wLole lime, 10-feet stroke. There were 
two pump-lifts of I4^iiicli bucket, umlniig 43 lathoms, and 26 
fatlioms of 6-inch for house-water. 

" Tlie stoum was from 100 to 120 lbs. to the inch. The valve 
open while the phiuger-pole ascended 20 inches, then went tlie 
remiiinder of tlie 10-feet stroke cximnsive. 

" It went exceedingly smooth and regular. Some time sini^, 
by way of trjing the power of the en^ne, we distmgaged the 
balance-bob. Tlie engine worked twenty strokes per minute, with 
17 tons of rods, &c., and drew 14J-in('h bucket 23^ fathoms, 
and a 6-inch bucket 26 fathoms, 10-feet stroke, twenty strokes 
per minute. 

" This was about 45,000 lbs. weight, with the speed of 200 
feet jHjr minute, which makes the duty performed more llrnn 
the power of three 72-iiich cyiinders, single, of Boidton and 
Watt, say of 8-feet stroke, 10 lbs. to the inch, nine strokes 
per minute, which is more than these engines will perform. I 
have all the orders for every engine now required in tbe 
country, which is not to be wondered ut, for one-tenth part of 
the expense in the erection will do, and the duty is not lea 
than three times as much as other engines. This will be proved 
before we get t« the bottom. 

"The engine now works at about two-fifths of the load whicli 
she will have when at the bottom. When the next lift is in fork 
I will write to you again. 

" I am, Sir, your humble servant, 

" ElCHARD TbEVITHICK." 



k. 



Independent examiners reported that tbe Herland 
pole-engine did forty-eight millions of diitv, under 
variouK pressures of steiim, up to 120 lbs. to the inch, 
working five-sixths of the stroke expansively, with a 
speed of twenty strokes a minute, or double the speed 
of the Waft engine; and the imiwrtance of those fact« 
deserves the scrutiny and close study of youthful engi- 
neers. A small cheap engine, of 83-inch cvliiidcr. 
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similar in general construction to the Wheal Prosper 
pole-engine, but still more simple from the absence of 
air-pump and condenser, did as mnch work as three 
of Watt's largest engines with cylinders of 72 inches 
in diameter. This great stride in the useful value of 
the steamnBngine was forced on the public by Trevi- 
thick's single-handed energy, when every man was 
against him, even Henry Harvoy, his brother-in-law 
and friend, his former partner, Andrew Vivian, and 
his once carpenter and assistant, Arthur Woolf. As 
a closing attempt to finally crusli him, he was made 
personally responsible for the payment of an engine 
erected for the benefit of others. This was the great 
trial test of the power and economy of the purely high- 
pressure expansive steam-engine as compared with the 
Watt low-pressure vacuum engine applied to large 
pumps. 

" Sir, " llATi.B FcusDji*. l&li Ajiril, IBlti. 

" I was at fierland to-day. Captain Grose received 
a letter while I was tlieie, signed by Ca|)tain William Davey 
and Joseph Vivian, requesting him to appoint oUiera to attend 
the trial of the engine, as it would not be convenient for them 
to do it. 

" Captain Samnel Grose, jun., brought down tbe drawing for 
your engine. He said he had taken off the working gear only, 
ir yon wbald wish it, we will make the working-gear and all 
the wrought-irou work on the drawing for the two engines 
ordered, and will take on a man or two immediately for that 
purpose. You will let me know about this before yon set off, 
and also if any alteration is to be made in the beam for Wheal 
Treasure engine, sinee yon have altered the size of the pole. 
We had east the case, hot I suppose it will suit wanie place else. 
" Your obedient wrvant, 

■'Hesrv Hahvet. 
Mf Mb. liivHAku 'I'nEviTiiint.' 
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"About 1815 or 1816 I was employed by Captain Trevitb^^H 
to erect various pole-engines, one of them at Sultram Streftin.- 
It Iifld worked at Tavistock ; it was a liorizontal higb-pressoro 
pole puffer. Captain Samuel Grose was tlien erecting for Cap- 
tnin Trevitliiek a 24-inrIi high-pressure pole-engine at Beeral- 
stone, on the Tamar, to drain a lead mine, I assisted Captain 
Orose. The stroke was about S feet. It worked with cross-head 
and side rods. There vere two wro^lgh^iron boilers about 3 feet 
ti inches in diameter and 40 feet loug. Tiie tire and tlues were 
outsido. The steam pressure, 60 lbs. bj the inch. I also erected 
a similar engine with a 20-inch pole at Wheal Treasure, now 
nailed Fowey Con*)Is Mine ; and one at L:?gassack, near Pad- 
stow. Tliose two had brass poles. It was found that the poled 
cut and wore in their passage throngli the stnHing box, tlie 
, middle wearing more than the ends, raiising eteam to escape. 
A similar pole of Captain Trevithick's erecting was then work- 
ing at Wlifai Regent, near St. Austell. 

"In 1818 1 saw working at Wheal Chance Mine, near Scorrier. 
an old 60-inch cylinder Bonlton and Watt engine. A pole ()i 
Trevitliick's was fixed between the cylinder and the centre 
of the main beam. Higli- pressure steam was first worked under 
the pole and then expaailed in the cylinder."' 

The latfj Mr. William Burral, i'or mnny yeara 
jnanager of the boiler-making- department at Meaars. 
Harvey and Co., at Hayle, said : — 

"About the year 1815 or 181(! I helped to erect at Treskerby 
Mine an engine fur Captain Trevithick. Mr. Siraa waa the 
engineer of the mine. The engine had the usual cylinder, and 
close to it one of Captain Trevitliick's poles was fixed. Tbo 
boilers were Captain Trevithick's high-pressure. The stean 
was first turned on under the pole. Wlieu she had finished hit 
np-stroke the steam passed from under the jKiIe an to the tcf 
of the piston in the cyUuder. There was a vacuum under te 
piston. The steam-cylinder was 58 inches in diameter, abont 9 
or 10 feet stroke. The pole was 36 inches in diameter, and a U 

' HeiMiletlioQB of L'splain H. A, Artha, I'lanmiiw, 1870, 
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struke than the piston, because it was fixed inside tlie cylinder, 
nenrer to the centre of tlie heam. There was" a pole-engine 
then working at Wheal Lushington, fJso at Poldice, and at 
Wheal Damsel." 

"Captain Artlia recollects at W'heal Alfred Mine in 1812 
the 66-incli cylinder pumping engine used a pole air-pump ; one 
or two whim-engines on the same mine also used tlipm. Whenl 
Concord pumping engine, in 1827 had a similar air-pump. Old 
Wheal Damsel, near Treioweth, used one as late aa 1865. The 
condensing water and air passed through a branch with a valve 
ou it near the top of tlio pole-case, just under the stuffing box 
There was a foot-valve at tlie bottom of the pole-case,'" 

The writer has had tlie pleasure of personal acquaint- 
ance witli each of those three gentlemen, who as young 
engineers commenced their labours in the erection of 
Trevithick's engines. 

No sooner had Trevithick perfected tlie pole con- 
densing engine and then the pole puffer-engine, than 
he, in conjunction with Sims, who had just t;ikeu part 
in the erection of one of his higlt-pressure steam pole- 
engines for working the pumps at Beeralstone Mine, 
combined the pole with the ordinary "Watt vacuum 
engines, supplying them with steam from his high- 
jji-esaure boilers, in otlier words, converting them from 
their original form of low-pressure vacuum engines to 
higli-pressnre eSpansive compound steam-engines, 

The old 60-inch cylinder Boulton and Watt engine, 
at Wheal Chance (one of Watfs favourite engines), was 
in 181H transformed into a high-presture engine, with 
Trevithick's pole placed lietween the centre of the main 
beam and the steam-cylinder. The high-pressure steam 
from Trevithick's new boilers was turned under the 

' CajiUin ArthH becaiiio the resi- [ engineur* ; and Mr. Burml, the engi- 

rlent «igiiioer fit ihe Ileal del Monto , neer of s departmplit at the (Dgine- 

luinw ill Moxicn; Cnptain Saimiel wwks of Messrs, Harvey uud Co. 
Unwe, one fif the first Cornish mine 
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pole for the iip-stroke, after which it was expanded in 
the old and much larger cylinder on the top of the 
piston causing the down-stroke; it then, by its passage 
through the equilibrium valve, allowed the piston in the 
large cylinder to make its up-stroke, hy equalizing 
the pressure of steam on its top and bottom, while a 
fresh supply of strong steam from the boiler admitted 
under the pole gave power to the up-stroke ; and finally, 
the comparatively low-pressure steam under the large 
piston passed to the condenser and air-pump to ibrm a 
vacuum for the down-stroke, as in the Watt engine. 

Sims, the engineer at "Wheal Chance, one of the mines 
in the eastern or Watt distiict, was converted and liecame 
in 1815 or 1816 a partner with Trevithick, and erected, 
at Treskerhy Mine, Trevithick's high-pressure pole of 
3G inches in diameter, as an addition to the old Watt 
engine working with a cylinder 58 inches in diameter. 

Watt, then, within a year or two of his death, was too 
old to any longer take part in the contest ; bis engine 
in the hands of others was converted and became a 
high-pressure expansive engine. 

Trevithick, as a further proof that he could do with- 
out the Watt patent air-pump bucket, with its piston 
and valves, removed it from a Watt engine at Wlieal 
Alfred Mine in 1812, replacing it by one of his poles, 
answering the same pm'poae, but different in constmc- 
tion. Many other mines used them ; one remained at 
work in Old AVheal Damsel in 18G0. They have alw 
been used in steamboat air-pumps. 

Having traced during a period of five or six yean 
the rise and progress of the high-pressnre expansivs 
pole condensing-engines, tha high-pressiire expansive 
pole puffer-engine, and the combined pole and c\'ljnder 
high-pressure engine, their value in a commercial seiue 
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may lie further tested by tbe public acts of the time. 
Lean, an authority on such matters, and certainly not 
given to unduly praise Trevithick, spoke as follows on 
the duty of those particular engines at various periods ; 
and not the least noteworthy is the fact,*that Herlaud, 
Poldice, and Treskerby, that were prominent in the 
early use of the Watt engine, threw off their allegiance 
but shortly before the last days of tlte great engineer, 
and converted his low-pressure st«am vacuum engines 
into Trevithick high-pressures. 

"In 17!)8 Messrs. Boiiltou and Watt, who on a visit to 
Coruwall, came to see it — ' tlie Herlaud engine ' — and had 
many expevimenta tried to ascertain its duty ; it was under the 
care of Mr. Murdocli, their ageut in the county. Captain Joliii 
Davey, the manager of tlie mine, used to state that it usually 
did twenty millions, and that Mr. Watt, at the time he inspected 
it, pronounced it perfect, and that further improvement could 
not be expected. 

"In 1811 the average duty of the three engines (Boulton 
and Watt's) on Wheal Alfred Jiiue was ahout twenty millions. 
'ITiese engineawereat that time reckoned the best in the county. 

" In 1811) Sims erected an engine at Wheal Chance, to which 
he applied the pole adopted by Trevithick in liis high-pressure 
engine. This engine attained to forty-five milliona ; and in 
lS17itdid 46-y millions. 

"In 1814 Treskerby engine is reported as doing 17 "48 
niillious. — Wm. 8ims, eugincer. 

"In 1820 Treskerby engine, to which Trevitliick's liigh- 
pi%B8ure pole had been adapted, had reached 40 • 3 raillions." ' 

The Herland engine of Watt in 1798 did twenty 
millions; in 181G Trevlthick's high-pressure pole pufler 
iu the same mine did forty-eight millions, In 1820 
his high-pressure pole-engine was combined with a 
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Watt low-pressure engine, thereby more than doiibl^H 

its economical diitv. ^^| 

In 1813 Trevithick wrote:— ^H 

" That new engine you eaw near the sea-aide with me (^Tieal 
Prosper higli-prcssure pole condensing enginf) is now lifting 
foHf millions one foot liigli, with a bushel of coal, which is 
nearly double the duty that is done by any other engine in the 
county. A few days since I altered a 60-inch cylinder eiigiDe at 
Wheal Alfred to the same plan, and I think she will do equal 
much duty. I have a notice to attend a mine meeting, to ■ 
a new engine efjiial in power to a H^-inch cylinder single."' 

In the four or five years from his return to Cornwall 
in 1810, to his leaving for South America In 1816, he 
doubled the duty and the power of the steam-engine. 
Watt once said he had received an oblique look from 
Trevithick, sen. The time wns now come for Trevi- 
thick, jun., to return the compliment; hia improved 
engines having: made their way iuto the eastern mine 
district, which Watt once looked upon as his own. 

Trevithick was short of money and on the point of 
leaving England for South America, when Mr. Sims, 
in the employ of Messrs. Williams and Co., favoui-able 
to low pressure, was sent to negotiate for the jjurcbase 
of a share in Trevitbick's patent of I81S for the higli- 
pi'essure steam expansive polo-engine. 

"18tli October, 181C. — Agreement between Trevithick and 
Mr. William Sims, prepared by myself and Mr. Day, solioitof 
for Mr. Sims, or for Mr. Michael Williams, under whom Siail 
acted, recites, that in consideration o( 2001. paid by SitOB, be 

9 to have a moiety of the patent for Cornwall and Dent, 
and ttiat I should have power to act and niiike contracts whilst 
Trevithick was out of England. 

" The day after contract signed, Trevithick mailed in tSe 

' See Trevittiek'H lctt<'r, .JanuHry, IBl.l, vol, ii., p. 55. 
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'Asp,' Captiiiu Kenny, for South America. I was on boai^d 
when the ship Bailed. 

" I see amoug my papers, ia May, 1819, in roference to the 
patent, is the following note: — 'Mr. Michael WilliamB said it 
was verbally agreed that Captain Trevithick slioiild have one- 
quarter part of the savings above twenty-six millions.' This, 
I believe, was the average duty of the engines at that tinio. 

"I had several asam-ances relative to Trevithick's claims, and 
much correspondence, but no allowance was made from any 
mines but Treskerby and Wheal Chance ; though Trevitliick's 
patent and boilera wore used throughout the county without 
acknowlerlgment ; and the duty of the engines had soon in- 
creased fi'om twenty-six millions to about seventy milliona. 

" In 1S19 I attended at the account-houses of Treakerby and 
Wiieal Chance, of which the late Mr. John Williams, of Scor- 
rier, was the manager, in consequence of some of tlie adven- 
turers objecting to continue the allowances on the savings to 
Captain Trevithick, wbenMr. Williams warmly observed, that 
whatever other mines might do, he would insist, as long as he 
was manager for Treskerby and Wheal Cliance, the agreement 
made should be carried into effect. 

"I remain, my dear Thomas, 

" Your very affectionate father, 

•' Rd. Edmonds." ' 

The agreement witii Mi. Siins, or rather with Mr. 
Michael Williams, late M.P. for Coiiiwal], who exercised 
large authority in Cornish mines, was that he should 
have for 200/. one-half of the patent for the high- 
pressure pole -engine, as applied to Cornwall and 
Devon. 

Trevithick had desisted from securing a patent for 
tho large high-pressure steam-boilers and expansive 
working, on a verbal understanding that he should 
receive one quarter of the saving from the reduced con- 

' Tortioii uf a WIUt written at Teiiavntp, Htii FnhruMry, 185^. 
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amnptiou of eoiil by those two particular inventions, 
twenty-six millions of pounils of water raised one fool 
high by a biisliel of coal of 84 lbs., being the duty of the 
best Watt engines, to be taken as a starting-point for the 
payment. Treskerby and Wlieal Chance paid for tlie 
pole-engine, but the Trevitbick boilers suitable for high 
steam, and the simple methods of working it expan- 
sively, had been made so generally public, that people 
professed to think they had a right to them, wlien but 
a tew years before they had thrown tlie inventor off his 
guard by saying "everybody knows that the Cornish 
boiler is yoiw plan, and as it cannot be denied, a 
patent will tje of no service." 

Mr. Jolm Williams ' stated " that whatever other 
mines might do, he would insist, as long as he was 
manager for Treskerby and Wheal Chance, the agree- 
ment made should be carried into effect." The Wil- 
liamsea paid to Trevithick 300/. for the saving of 
coal by the pole patent engine, as an " acknowleilg- 
ment of the benefits received by us in our mines;" 
but no payment was made for the greater invention 
of the higli-pressure steam-boilers then in general 
use. 

In 1814 the Watt Treskerby engine did seventeen 
and a half millions. Trevithick 's boiler and pole were 
applied, and the duty was increased to more than forty 
millions. In 1816 the same changes were made in 
Wheal Chance, and the duty rose to more than forty-six 
millions, The consumption of coal was i-educod to one- 
half, amounting in round numbers to a gain of 500L» 
month in those two mines alone. 

' Mr. John Williiinm hnd the rcinnrkablc dream, niHny hnura hvfoir ibr 
nvctit, foabling biin u> lUscrilv thv jartitulHrK urtlic aKHufisinnlkqi of Ptmvral 
in 1812. 
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" Dear Sip, St/i January, 1353. 

" I am fiivoiireil with yonr letter of the 31st ult., enclosing 
filso one from BIr. F, Trevithick, of tlie 24th idem, and have 
rauch pleasure in coinplying with your joint request to the best 
of my abiUty. I was well acquainted with the late Mr. IW. 
Trevithick, having had frequent occasion to meet him on busi- 
ness and to consult him profeasionully ; and I iim gratified in 
haying the present opporlunity of bearing testimony to hia dis- 
tingniabetl abilities, and to the high estimation in which the 
firet Coruiali engineers of the day then regarded hira. I need 
scarcely say that time has not lessened the desire in this county 
especially to do him justice. As a man of inventive mechanical 
genius, few, if any. have surpassed him, and Cornwall may well 
be proud of so illustrious a sou. 

" At this distance of time I can scarcely speak with sufficient 
exactness for your purpose of the numerous ingenious and vahi- 
able mechanical contrivances for which we are indebted to him, 
bat in reference to his great improvements in the steam-engine 
I have a more particular recollection, and can confidently affirm 
that he was the first to introduce the high-pressure principle of 
working, thus establishing a way to the present high state 
of efficiency of the steam-engine, and forming a new era in the 
lustory of steam-power. To the use of high-])ressure steam, in 
conjunction with the cylindrical boiler, also invented by Mr. 
Trevithick, I have no hesitation in saying that the gi-eatly- 
iiicreased duty of our Cornish pumping engines, since the time 
of Watt, is mainly owing; and when it is recollected that the 
working power now attained amounts to double or treble that 
of the old Boulton and Watt engine, it will be at once seen that 
it is impossible to over-estimate the benefit conferred, either 
directly or indirectly, by the late Mr. Trevithick, on the mines 
of this county. The cylindrical boiler above referred to effected 
a saving of at least one-third in the quantity of coal previously 
required; and in the year 1812 I reineinher our house at Scor- 
rier paying Mr. Trevithick the sum of 300/. as an acknowledg- 
ment of the benefits received by us in our mines from this 
source alone. Mr. Trevithick'w subsequent absence from th« 
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pouiity, and perhaps a certain degree of Iiixity on hU 
in the legal estftblighmeiit and prosecution of his elaiiog, deprivetJ 
him of much of the [letmniary advantfige to which his labours 
and mveDtiou.s justly entitled him ; and I have often expresseii 
iny opinion that he was at the same time the greatest and 
the worst-nsed man in the county. 

"Amongst the raiuor improveraenta introduced by him, it 
occurs to me to notice that he was the first to apply an outer 
casing to the cylinder, and by thia means prevent, still further 
than Watt had succeedni in doing, the loss of heat by radiation. 
" As connected with one of the most interesting of my recol- 
lections of Mr. Trevithick, I most mention that I wns present 
by invitation at the first trial of his locomotive engine, intended 
to luu upon common roiids, and of course equally applicable to 
tmiu aud railways. This was, I tliink, about the year 1803, 
and the locomotive then exhibited was the very first worked by 
steam-power ever constructed. 

" The great merit of establishing the practicability of so im- 
portant an application of steam, and the superiority of the higb- 
pressure engine for tliis purpose, will perhaps more than snv 
other circnmstauce serve to do honour through all times toths 
name of TrevJtliick. The experiment which was made on the 
public road close by Camborne was perfectly successful ; and 
although many improvements in the details of such descTiption 
^L of engines have been since effected, the leading principles of 

^H coustrnction and arrangements are continued, I believe, ntii 

^H little alteration, in the magnificent railroad-engines of the pre- 

^H sent day. Of his stamping eugine for breaking down the black 

^^^ rock in the Thames, his river-cleariug or dredgiug machine, and 

^^M his extensive draining 0}ierations in Holland, I can only speak 

^^M in general teiins, that they were eminently successful, and dis- 

^^M played, it was considered, the highest constructive and engineet- 

^H ing skill. As a man of enlarged views and great inventiTe 

^^M genius, abounding in practical ideas of the greattfsl utility, and 

^^1 communicating them freely to others, ho could not fail of im- 

^^V parting a valuable impnlse to the age in which he lived ; and it 

^H would be scarcely doing him justice to limit Jiis claims us a 

^^L public benefactor to the inventions now clearly traceable to him, 
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important and immeroua as these are. Fram my own impres- 
sions I may say that ao one could be in his prosence without 
being struck nitli the originality and richness of his mind, and 
without deriving benefit from hia suggestive conversation. His 
exploits and adventures in Soutli America, in connection with 
the Earl of Dundonald, then Lord Cochrane, will form an in- 
teresting episode in his career ; and altogether, I am of opinion 
that the Biography which you have undertaken will prove 
highly interesting and valuable, and I wish you every success 
in carrying it out. 

" JJelieve me, my dear Sir, 

'^ Yours very faithfully, 

"Michael Williams. 
" E. Watkim, Esq., 
" l.imdon and North- Watem Rnitway. 
" Euaton Station, Londmi." 

Arthur Woolf shortly after that time (1811) erected 
his double-cylinder engines in CornwalL The late 
Captain Samuel Grose, when giving the writer his 
recollections of Trevithick, said : — 

" Wlien he returned flora London to Cornwall, about 181 or 
1811, he employed me to look after the erection of the Wheal 
Prosper high-pressure engine. Oats, Cuptain Trevithick's head 
boiler-maker, was constructing the boilers; Woolf came into 
tlio yard, and examined them. 'What do'st thee want here?' 
oskod Oats. *D — n thee, I'll soon make boilers that shall 
turn thee out of a job ! ' was Woolfs reply. He was a 
roughish man. Wiieu his brother Henry mutinied at the Nore, 
Woolf, who was then working an engine in Meux's brewery, 
and hod married the lady's maid, made interest with his em- 
ployer to savo Henry from being hanged at the yard-arm, and 
afterwards found employ for liim in Cornwall. He was but a 
clumsy mechanic. Woolf used to blow him up by saying, 
■ D — n thee, I wish I'd left thee to be honged.' " 

The writer, who knew Oats, has beard hiin tell eiuiilar 
gtoriea of the rival engineers. 
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In X800, Woolf, who had been a mine carpei 
went to London with the first high-pressnre steam- 
engine which Trevithick had sent beyond the limits 
of Cornwall' — probably to Meux's brewery,* for lie was 
there in 1803, and in the receipt of 30/. a year from 
Trevithick as engine-firenian. From the date of "Woolf'a 
patent in 1804, his pay from Trevithick ceased, and 
with it" their friendship. Trevithick used to say, " Woolf 
is a shabby fellow," 

Patents sprang up like mushrooms after Trevithick 
bad so liberally cast forth the seeds of the high-pres- 
sure engine, making the security, or even the form of 
a patent, a doubtful matter, Tlie perfecting of expan- 
sive high-pressure engines was like the boiler, the result 
of years of trial. When matured in 1816 it saved Corn- 
wall and the world one-half of the coal that before Lad 
been consumed in low-pressure steam-engines. Every 
engineer became, more or less, an expansive worker, 
and Trevithick's saving of hundreds of thousands of 
pounds annually to the general public, gave to him 
little or no reward. 

At the period of those higli-pressure pole-engine 
experiments, Trevithick had devoted twenty years of 
constant lalwur to the improvemeut and extended use 
of the steam-engine, causing it to assume everv variety 
of form except that of the Watt patent engine, an ap- 
proach to which was unusual, as evidenced in the high- 
pressure steam Kensington model of 1796, without 
beam, parallel motion, air-pump, or condenser, having 
no one portion either in principle or detail similar to 
the Watt engine, being portable and not requiring 
condensing water, with single and double cylinders. 



' Sec Trevithick's accounl-book, vol. i., ji. 
" Ciiptain Johti Vivinn's recolli ctioiis, vol, i. 
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placed vertically or horizontally. Having during 
twelve busy years constructed over a hundred high- 
pressure steam-enginee, scarcely any two of which were 
exactly alike, he departed if possible still further from 
the Watt type, and went back apparently, though not 
in reality, to the Newcomen engine, simplifying it by 
the omission of the great bob, and use of condensing 
water, as in the nautical labourer and steamboat engine 
of about 1810,' and the South American mine engines 
of 1816,'' which had open-top cylinders, more like a 
Newcomen than a Watt, but if possible even more 
simple and primitive-looking than the former. Again, 
compare the thrashing engine of 1812^ with the New- 
comen of 1712 : * the great and all-important difference 
being that one was a high-pressure steam-engine, the 
other a low-pressure atmospheric engine. Then came 
the varieties of high-pressure steam pole-engines, work- 
ing very expansively either as pufi'ers or condensers, 
retaining the same di&similarity to the Watt engine : 
and lastly, the combination of the high-pressure pole 
with the Watt patent engine, thereby causing the 
old Watt engine to do more than double the work 
it had done when new from the hands of the maker, 
and also to perform this increase of work with a de- 
crease in the consumption of coal. 

The following chapter will trace the adaptation of 
high-pressure expansive steam, from cylindrical boilers, 
to the form of pumping engine still in general use. 



' Vol. ij., p. 37. 
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THE WATT AND THE TRE\TrHlCK ENGINES AT DOLCOATH. 

Having up to 1816 traced the progress of the steam- 
engine in Cornwall through a century, during the 
lattfir half of which Trevithick, sen^ and his son were 
among its most prominent improvers, the latter having 
devoted a quarter of a century to the work, the effect 
of which is shown in the skeleton outlines of a few 
classes of engines, one impoi-tant feature still remaiuB 
for examination hefore a correct judgment can be 
formed of the events of this period and their prime 
movera. 

The use of an increasing pressure of steam gave 
increased force and value to the improved steam-engine, 
but the power of constructing engines and boilers to 
render the increased pressure manageable was the result 
of a lifetime of labour. 

Saverj, whose engine was scarcely more than a 
steam-boiler, failed to control its force, and is said to 
have blown the roof from over his head. The mocb*- 
nism of Newcomen's engine was well arranged, but 
suitable only for the working of pumps, and its power 
was limited to the weight of the atmosphere, from wliicli 
it was called the atmospheric engine. 

In 1756, an atmospheric engine with a cylinder of 
70 inches in diameter worked at the Herland Mine, 
" the only objection to which was the cost of the coal, 
to lessen which several methods had been snggeste*! 
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for increasing the elasticity of the steam, and reducing 
the size of the boiler." ' 

In 1775 Richard Trevithick, sen,, removed the flat 
top of a Newcomen boiler, and substituted a semi- 
circular top, enabling it to contain stronger steam, 
and at the same time he improved the mechanical part 
of the engine by finding a better resting-place for the 
steam-cylinder than the top of the large boiler. Pryce 
gives a drawing of this engine as the \>est at that time 
in Cornwall." 

"It 18 known as a fact that every engine of magnitude 
conBumea 3000?. worth of coiil every year. 

"The fire-plaue has been diminiahed and enlarged again. 
The flame lias been carried ronnd from the bottom of the boiler 
in a spiral direction, and conveyed through the body of the 
water in a tube (one, two, or three) before its arrival at the 
chimney. 

" Some have used a double boiler, so that fire might act on 
every possible point of contact, and some have built a moorstone 
boiler, heated by three tubes of flame passing through it. 

" A judicious engineer does not attempt to load his engine 
with a column of water heavier than 7 Ibe. on each square inch 
of the piston." * 

While Prj'ce's book was being printed, Watt in 1777 
wrote of the Cornish steam-engines ; — 

"I have seen five of Bonze's engines, but was far from seeing 
the wonders promised. Tbcy were 60, 63, and 70 inch cylinders 
st Dolcoatb and Wheal Chance. They are said to use each 
about 130 bushels of coals in the twenty-four hours, and to make 
about six or seven strokes per minute, the stroke being under 
6 feetea eh. They are burdened to 6, 6J, and 7 lbs, [jer inch."* 

'' BotImo's ' Natnral History p[ Cornwall.' 

■ See dmwinia;, vol, i., p. 25. 

' See Pryce'd ' MinernlOfEia Comiiliiennifi,' (mblisbM IT'i 

' Smilcn' ' Lives of Hoiiitoii and Wntl.' 
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The G3-inch was an open-top cylinder atrac 
engine sit Dolcoatli Mine under the management of 
Trevithick, sen.; and shortly after, in 17V7 or 1778, 
Watt's first engine was erected in Cornwall.' 

In 1783 Trevithick, sen,, gave Watt an order for a 
patent engine for Dolcoath, in size similar to the old 
Newcomen atmospheric, having a cylinder G3 inches 
in diameter, that a working trial might be made be- 
tween the rival engines. The Watt engine having 
a cylinder-cover, with the patent air-pump and con- 
denser, was known in the county as the Dolcoatli 
great 63-inch double-acting engine. Three steam- 
engines were then at work in that mine : Trevithick 
senior's Carloose (then called Bullan Garden) atmo- 
spheric 45-inch cylinder, the atmospheric 63-inch 
cylinder, and Watt's 63-iDch cylinder double-acting 
vacuum engine; all of which continued in operation 
side by side for five years until 1788, when for a time 
Dolcoath ceased to be an active mine. Trevithick, 
jun., was then a boy of seventeen years. 

After ten years of idleness and rust, as if mourning 
the death ofTrevithick, sen., in 1798 Richard Trevithick. 
jun., as engineer, and Andrew Vivian as manager, 
induced ebarebolders to resuscitate the old mine. Fire 
was again gi\"en to the voracious jaws of the boileis, 
and the three engines recommenced their labours and 
their rivalries. 

A year or two before this Trevithick had made 
models of high-pressure steam-engines. Davies Gilbert, 
in 1796, met him among other engineers, giving evi- 
dence in the Watt lawsuits, when he mentioned his 
ideas of an engine to be worked solely by the force of 
ateam. Watt had claimed such an engine in his patent 

' See vol. i., p. 30. 
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twenty-seven years before, but had i'ailed to carry it 
into practice. Hornblower had tried something like it 
in his double-cylinder expansion engine, but be did not 
use high-pressure steam, and consequently also failed. 

The idea, therefore, of expansive steam was not new, 
but the useful mastery of it was, Savery had tried 
expansive steam before Watt patented it ; the latter 
went to law witli Hornblower for an infringement of 
the idea, when neither of them had in truth constructed 
an expansive steam-engine. The low pressure of the 
steam from the boilers used by Hornblower and "Watt 
did not admit of profitable expansion in the cylinder ; 
at its full boiler pressure it constituted but a compa- 
ratively small portion of the power of the engine : to 
reduce that power by expansion was as apt to be a loss 
as a gain. The steam-engine was still dependent for its 
power mainly on steam as an agent for causing the 
required vacuum, until 17fl6, when Trevithick disclosed 
his method of constructing small cylindrical boilers and 
engines suitable for giving power from the strong 
pressure of the steam, irrespective of vacuum. 

Lean, who favoured Watt rather than Trevithick, 
thus records the advent of Watt's expansive engine : — 

"111 1779 to 1788 Mr. Watt introduced the improvement of 
working steam expaiiHively, and he caltnilated that engines which 
would previously do nineteen to twenty millionH would thus per- 
form twenty-six millions; but I do not find any record of this 
duty being performed in practice. In 1785 Boulton and Watt 
had engines in Cornwall working ex{iansively, as at ^Vbeal Gona 
and Wlieal Chance in Camborne ; but in these the steam waa not 
raised higher than before, and the piston made a considerable 
part of the stroke therefore before the steam-valve waa closed. 

" In 1798, oa account of a suit respecting their patent, which 
was carrying on by Boulton and Watt, an account of the duty 
of all the engines in Cornwall was taken by Davies Gilbert, Esq,, 
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and tbe late Captain Jenkiu, of Trewoi^ie, and tliey found ihe 
average to be about seventeen millions." ' 

One of these so-called expansive Watt engines, erected 
at Wheal Chance, was converted into a real expansive 
enf^ine by Trevithick, as descril<ed in tbe foregoing 
chapter, by his high-pressure steam-boilers and the 
addition of his pole-engine. The conversion of the 
other, a 63-inch low-pressure vacuum engine at Wheal 
Gons, will be traced in this chapter. 

Mr. Taylor, who for many years took an active 
interest in Cornish mining, says : — 

"In 1798 an engine at Heriand was found to be the best in 
the county, and was doing twenty-seven millions, but being bj 
mneli above all others, some error was apprehended. This 
engine was probably the best then ever erected, and atlmcte-i 
therefore the particular attention of Messrs. Btiultou and Wuti, 
who, on a visit to Cornwall, came to s^e it, and had many experi- 
menta tried to ascertain its duty. It was under the care of 
Mr. Murdoch, their agent in the county. 

"Ciiptaiu Joim Ddvey, the manager of the mine, used to 
state that it usually did twenty millions, and that Mr. Watt, al 
the time he inspected it, pronounced it perfect, and that farther 
improvement could not be e.\peoted."^ 

This best engine from the hands of Watt and Murdocli 
in the Heriand Mine in 1798 may be taken as a Watt 
Btand-point, when its usual duty was twenty millions; 
and Trevithick and Bull erected a competing engine, 
probably with an increased steam pressure, for TreTi- 
thick's portable high-pressure engines were at that time 
coming into notice ;^ but no trace remains of the result 
of this contest of the Watt and the Bull engine, though 
it was one of tbe causes of tbe lawsuits. 

• Lean's ' HiHtorical Statement of I Taylor, F.B.S^ &c., part i., p, liJ; 
Steam-Enginea in Cornwall,' p. 7. publlahod 1820. 

* 'BecOTda of Mining,' by John | ' See vol. i., ji. 96. 
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" In 1799 Henry Clark worked as a rivet boy in Dolcoatli, 
and carried rivets to construct Captain Trevithick's new boiler, 
said to be the first of the kind ever made. It looked like a great 
globe about 20 feet in diameter, the bottom hollowed up like 
the bottom of a bottle ; under thia the fire was placed : a copper 
tube attached to thia bottom went around the inside of the 
boiler, and then passed out through the side of the boiler, the 
outside brick flues then carrying the heat around the outside 
of the boiler and into the chimney. 

" Captain Trevithick's firat plunger-pole lifta in Dolcoath 
were put in at this time and worked by tliis engine. Glanville, 
the mine carpenter, was head man over the engines whou 
Captain Trevithick was away."' 

"Charles Swaine worked as a rivet boy in making Captain 
Trevithick's cylindrical wrought-iron boilers for the Dolcoath 
engine. Several of Captain Trevithick's hi gli- pressure boilers 
were working in the mines before that, but not made exactly 
like the Dolcoath engine boilers. When I was a boy about the 
year 1SU4, several years before I worked on the Dolcoath 
engine boilers, I carried father's dinner to the Dolcoath 
smiths' shop, where he worked, and used to stop and watch the 
wood beam going up and down of Captain Dick's first high- 
pressure steam-whim. She was not a pufifer, but a puHer-whim 
worked near by, called the Valley puffer. At that time moat of 
Captain Dick's high-pressure boilers were smallish, cast iron 
outside, and wrought-iron tube."^ 

In 175)0, shortly after tho reopening of Dolcoath 
Mine, Trevithick, jun., selected his father's second- 
hand atmospheric engine of 1775,' to further improve it 
by a new holler of -uniformly glohnlar figure, with 
concave circular hottom, under which fire was placed ; 
it was of wrought iron, 24 feet in diameter, surrounded 
by external brick flxies; a large copper tube, starting 
from the boiler bottom, immediately over the lire, 
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served as an internal flue, carrying the fire by a sweep 
around the interior in the water space, and then out 
through the side of the boiler into the external brick 
flue. It may be said that there was, nothing new in a 
circular form of boiler, or in an internal tulje ; but it 
will be admitted that this repaired engine, in this its 
third stride in the march of advancement, made pub- 
licly known those principles which in a few years more 
than doubled the power, the economy, and the appli- 
cability of the steam-engine. His patent drawing of 
1802 shows this form of boUer applied to a smal] port- 
able engine, in which, for the sake of simplicity of 
structure and cheapness, cast iron was used instead of 
wrought iron, and the internal tube omitted.' 

The full detail estimate, from wliich the followiug 
items are extracted, of the cost of alteration was written 
by Trevithick, jun., in the book and on the page ad- 
joining that containing the account of the former 
alteration and re-erection of the same engine by Trevi- 
thick, sen., in 1775. 

"A 45-inch cjlinder engine, working 20 lbs. to the incb : — i 

Boilera, 8 tons at 42; 33ri ^^H 

Iron about ditto, 6 cwt. at 42^. 12 13 ^^H 

Coatings ahtiuC ditto. 15 cwt, at 42i. 18 ^^H 

Sarety-valve ami cocks 100 ^^fl 

Wood about bob, £,00 ft. at 6« 60 o 

Cast iron nbont ditto. 45 cwti at 253 rifi 5 O 

Brass alwut ditto, 60 lbs. at 2a. 6 

Piston-rod, 4 in., 14 ft. long, 550 lbs. at 1». 27 10 

T-piece, 10 cwt. at 25ji .. * .. 12 lo 

Cover, and bottom, and piston, 35 cwl. at 32». ., Sfi 

Nozzles, 6 owt, at 3L'g y la O 

Steam and perpendicular pipe, 10 cwt, at 25«. 1 2 10 (t 

Receiver, 2 ft, 4 in. long, aud bottom, 1.1 cwt. at 25*. 18 15 

Air-pump, bottom, and case, 10 cwt, at 25f. 12 10 O 

Plunger, 22 in., e ft. long, 12 cwt. at 40b. .. .. 24 O 

Fonselift fid 

Engineer 66 



' See Tol. i., p. 128. 
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The term "single" refers to its open-top cylinder 
as originally erected by Newcomen, when it was called 
the Carloose engine, and so it remained after its re- 
erection in 1775, under the name Dolcoath new engine, 
alias Bnllan Garden ; but after the last re-erection in 
1709 it had a cylinder-cover, and was called the Sham- 
inal 45-inch engine; "working 20 lbs. to the inch" 
meant the force on each inch of the piston, including 
vacuum on the one side of 14 lbs. and steam on the 
other side of 6 lbs. to the inch. 

Watt, on his firat visit to Cornwall, in 1777, spoke 
disparagingly of the Newcomen atmoBpheric engines 
" burdened to 6 or 7 Iba. net to the inch." Fifty years 
later Stuart described Watt's engine as," using steam 
of a somewhat higher temperature than 212 degrees, so 
as to produce a pressure between 17 and 18 lbs. on each 
square inch of the piston ; yet in practice, from imper- 
fect vacuum and friction, it cannot raise more water 
per inch than would weigh about 8^ lbs.,"' or an 
increase of net force — when compared with the New- 
comen atmospheric — of only a pound or two on 
the inch in the lapse of years embracing the active 
lifetime of Watt. The cause of this slight increase of 
power is so simple that it has been passed by unnoticed 
by very many. The steam pressure in the Newcomen 
atmospheric was continued unaltered in the Watt va- 
cuimi engine. Trevithick constructed the first boiler 
and engine capable of safely and economically using 
the power of high-pressure steam. Nelson was obliged 
to come to close quarters, that his shot, propelled by 
weak cannon and low-pressure powder, might penetrate 
wooden ships. We now manufacture and control high- 



' Stuart's 'History of the Stoara-Engine,' publiehed 18M. 
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pressure powder, so that 12 inches of iron arn« 
plates cannot resist its force ; but tliis knowledge has 
taken nearly as long in growing to perfection as did 
tbe mastery of Ligli-pressure steam, and its use in the 
much more complicated steam-engine. 

"Watt's engine, as described a quarter of a century 
after the expiration of his patent and the advent of the 
high-pressure steam-engine, still derived its gross force 
from l-i Iba, of vacuum and 2 or 3 Ibe. of steam, re- 
sulting in a net force of 8i lbs. Trevitliick's engine 
of 1799, which heralded the last hours of the WatI 
patent authority, and may be taken as the first distinct 
evidence of comparatively high-pressure steam iu large 
Cornish pumping engines, derived its power from 14 llw. 
of vacuum and 6 lbs. of steam, lieing together but 2 or 
3 lbs. on the inch more than the Watt engine, but ite 
net force of 1 2 lbs. to the inch was half again as much 
as tbe net force of the Watt engine, the increase being 
wholly from the steam pressure, which was never prac- 
tised by Watt, and which in its almost unlimited force 
gives the greatly increased power to modern steam- 
engines. 

Trevithick's estimate for a new engine of the same 
size as the old was 2000/., but as the old one could be 
improved for 1300/., the latter course was adopted, 
the wooden main beam with its segment head was re- 
tained, a cover was added to the cylinder, and a new 
piston-rod and piston ; a jiole air-piimp was used in 
lieu of the more usual Watt air-pump bucket; a feed- 
pole forced water into the boiler, — an indirect proof 
of increased steam pressure. The new globular boiler 
with internal tube weighed 8 tons; the engineer's chai^ 
for carrying out the work was GUI. 

The use of strong steam as the prime mover of the 
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steam-engine increased more rapidly beyond than withiu 
the limits of Coniwall, for iu 1802 was erected at 
Coalbrookdale a high-preBsure steam-pufler engine, to 
which Trevithick attached a pump which forced water 
through a column of upright pipes, that the power of 
the engine might be accurately measured. It worked 
with steam of from 50 to 145 Iba. ou the inch, and 
wholly discarded the vacuum which had been Watt's 
mainstay. 

" The boiler is 4 feet (iiameter, the cylinder 7 inches diameter, 
3-feet stroke. The water-piston ia 10 inches iu diameter, draw- 
ing and forcing 35 feet perpendicular, equal beam. I first set 
it oiT with about 50 lbs. on the inch pressure against the steam- 
valve, for the inspection of the engineers about this neighbour- 
hood. The stemn continued to rise the whole of the time it 
worked ; it went from 50 to 145 lbs. to the inch. 

" The engineers ut thia place all said that it was impossible 
for so small a cylinder to lift water to the top of the pumps, 
and degraded the principle, though at the same time they spoke 
highly in fayour of the simple anti well-contrived engine, 

" After they had seen the water at the pump-head, they said 
that it was possible, but that the boiler would not maintain its 
fteam at that pressure for five minutes; but after a short time 
they went off, with a solid countenance and a silent tongue." ' 

This high-pressure steam pumping engine in 1802 
may be taken as the first pumping engine of the puffer 
class using such strong steam. 

In the spring of the following year' a somewhat 
similar engine was erected in London. " The cylinder 
is 11 inches in diameter, with a S^-feet stroke. It re- 
quires the steam at a pressure of 40 to 45 lbs. to the 
inch to do its work well, working about twenty-six or 
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twenty-seven strokes pel' minute. It is much admired 
by everyone tliat has seen it, and saves a considerable 
quantity of coal when compared with a Boulton and 
Tfatt. Mr. Williams, Mr. Bobert Fox, Mr. Gould, and 
Captain William Davey were here, and much liked tlie 
engine ; they gave me an order for one for Cornwall 
as a specimen." This particular engine was for driving 
machinery in a cannon manufactory. A high-preasore 
pumping engine was at work at G-reenwich, and some 
were at work in Cornwall. 



" SIr. GronY, 

" Sir, — In consequence of the engine bui'sting at Green- 
wich, I have been on the' spot to inspect its effects. I found it 
had burst in every direction. The l)ottora stood whole on its seat- 
ing ; it parted at the level of the cliimney. The boiler was cast 
iron, about 1 inch thick, but sonic parts were nearly H inch; 
it was a, round boilpr, 6 feet diameter ; the eyliuder waa 8 iucliei 
diauieter, working double; the bucket was 18 inches diiuaeter, 
21 feet column, working single, from which you can judge dis 
preaaure requiretl to work this engine. The pressure, it appean, 
when the engine burst, must have been very great, for thdW 
waa one piece of the boiler, about 1 inch thick and aboat 5 owt, 
thrown upwards of 125 yards ; and frotn the hole it cut In tbe 
ground on its fall, it must have been nearly perpendicolar aod 
from a very great height, for the hole it cut was from 13 to 
18 inches deep. Some of the bricks were thrown 200 ywdi. 
and not two bricks were left fast to each other, either in tbe 
stack or round the boiler. It appears the boy that had care of 
the engine was gone to catch eels in the foundatiou of the bnild* 
ing, and had left the care of it to one of the labourers ; tliis luui, 
seeing the engine working much faster than usual, stopped it 
without taking off a spanner which fastened down the steam- 
lever, and a short time after being idle it burst, killed three 
on the spot and another died soon after of his injuries. 'Yhe 
boy returned that instant, and was then going to take off tiu 
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trig from tlie valve. He svas hurt, but is now i 
had left the engine about an hour. I would be much obliged 
to yoii if you would calculate the pressure required to burst this 
boiler at 1 inch tliiek, supposing it to be a sound casting, and 
whut pressure it woidd require to throw the materials the dis- 
tance I have before stated, for Boulton and Watt have sent a 
letter to a gentleman of this place, who is about to erect some 
of those engines, saying that they knew the effecta of strong 
eteam long since, and should have erected them, but knew the 
risk was too great to be left to careless eiiginemen, and that it 
was an invention of Mr. Watt, and the patent was not worth 
anything. This letter has much encouraged the gentlemen of 
this neighbourhood respecting its utility ; and as to the risk 
of bursting, tliey say it can be made quite secure. I believe 
that Messrs. Boulton and Watt are about to do me every injury 
in their power, for they have done their utmost to report the 
explosion, both in the newspapers and in private letters, very 
different to what it really was ; they also state that driving a 
carriage was their ijivention; that their agent, Murdoch, had 
made one m Cornwall and shown it to Captain Andrew Vivian, 
from which 1 have been enabled to do what I have done, I 
would thank you for any information that you might have 
collected from Boulton and Watt, or from any of their agents, 
respecting their even working with Strang steam, and if 
Mr. Watt has ever stated in any of his publications the effects 
of it, because if he condemns it in any of hia writings, it will 
clearly show from that, that he did not know the use of it. 
Mr. Homfray, of this place, has taken me by the hand, and will 
carry both the engines and the patent to the test. There are 
several of Boulton and Watt's engines being taken down here, 
and the new engines being erected in their place. Above 700 
horse-powera have been ordered at 12/. 12s. for each horse-power 
for the patent right, and the persons that ordered them make 
them themselves, without any expense to me whatever. If I 
can be left quiet a short time I shall do well, for the engines 
will far exceed those of Buulton and Watt. The engine at 
Greenwich did tburteen millions with a bushel of coals ; it was 
only an 8-inch cylinder, and worked without an expansive cock, 
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and under too L'ght a load to do good duty ; also on a bad e 
structioii, for the fly-wheel was loaded on one side, so as to diTtde 
the power of the double engine, and connected to the panip-rods 
on a very bad plan. I rememlter that Boultou and Watt'a 20-mch 
cylinders when on trial did not exceed ten millions ; I believe 
you have the figures in your keeping. Let us liave the 
60-horae power at work tliat is now building, and tlien I wil! 
show what is to be done. It wiU be loaded at 30 lbs. to tlie 
inch on each side the piaton, it has an 8-feet stroke with m 
expansive cock, and the blowing cylinder directly over the 
steam-cylinder, aa free from friction as posaible. There was no 
engine stopped on account of this accident ; but I sliall never 
let the fire come in contact again with the cast iron. The 
boiler at Greensvich was heated red hot and burnt all the joiatt 
the Sunday before the explosion. 

" I liave received a letter fiom a person in Staffordshire who 
has a cylinder-boiler at work with the fire in it, and he sa}-s llie 
engine performs above all exi>ecfation ; he re(]uests me to give 
him leave to build a great many more. I shall put two steam- 
valves and a steam-gauge in future, so that the quicksilver shall 
blow out in cose the valve should stick, and all the steam be 
discharged through the gauge. A small hole will diacliaige b 
gi-eat quantity of steam at tliat pressure. There will be a rsil- 
road-engino at work here in a fortnight ; it will go on rails not 
exceeding an elevation of one-fiftieth part of a perpendictilir 
and of considerable length. The cylinder is 8^ inches in di* 
meter, to go about two aud a half miles an hour; it is to fasn 
the earae velocity of the piston-rod. It will weigh, water and 
all complete, within 5 tons, 

" I have desired Captain A. Vivian to wait on you to givft Jtni 
every information respecting Murdoch carriage, whether thelat)^ 
one at Mr. Budge's foundry was to be a condensing engine at not 

" Is it possible that this engine might be burst by gaa? 
" I am, Sir, 

" Your very obedient servant, 

"KicHARD TREvrreicK." 
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This high-pressure puffer pumpmg engine at Green- 
wich, in 1803, worked a pump of 18 inches in diameter. 
The engine boy having fixed the safety-valve while he 
fished for eels, caused an explosion nf the boiler. This 
was the first mishap from the use of high-pressure 
steam. The boiler was globular, 6 feet in diameter, and 
from an inch to an inch and half in thickness, made of 
cast iron ; the cylinder, of 8 inches in diameter, was 
partly let into and fixed on the boiler. Its general 
design is seen in tlie patent drawing of 1802, Fig. 1.' 
Trevi thick determined in future to use two safety-valves, 
and also a safety steam-gauge. At that time one of his 
high-pressure puffer-engines, witJi a cylindrical boiler 
and internal tube, was working in Staffordshire. 

The Ureenwich high-2Jressure puifer-engine did four- 
teen millions of duty with a bushel of coals, 84 lbs. A 
60-horse-power engine was being built in Wales, with 
an 8-feet stroke, to work expansively with 30 lbs. of 
steam on the inch in the boiler. For a more thorough 
test with the low-pressure vacnuin engines, in com- 
petition, the Government intended to use the new 
engines, and some of Watt's engines having been re- 
moved to make room for them, Boulton and Watt wrote 
to a gentleman who was about to order an engine from 
Trevithick, " We knew the effects of strong steam long 
since, and should have erected them, but knew the risk 
was too great." Moreover, " it was an invention of 
Mr. Watt's, and the patent (Trevithick's) was not worth 
anything." This admission clearly shows not only that 
Watt did not make high-pressure steam-engines, but 
that he did his best to prevent others from making 
them. 

' St-e voUi., p. 128. 
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" Mb. Giddy, " rENYDABBAN, CARnirF, January mil, 11 

"Sir, — I received yours a few days since, and slionl<) 
have answered it sooner, but I was at Swanst^ for tlie }wt 
four weeks, and wished to return Lere to give you as full «n 
account ol' our proceedings as jiossiljle. 

" We liftve had an 8-inch cylinder at work here by way of 
trial ; it worked exceedingly well a hammer cf the same size 
as is now being worked here by an atmospheric engine 28 
inches diameter, 5-feet stroke, which does not master its work 
witli greater ease than the S-inch cylinder. The 8-inch is now 
removed to Swansea, and is winding coals; the basketa hold 
6 cwt. of coal ; it lifts 80 yards in a minute and a quarter, and 
burns (i cwt, of coal in twenty-four lioiir^. There were twelre 
horses on this pit before, lifting SO tons of coal in the coarse o[ 
the twenty-four hours. You may fairly state that the &4ncli 
cylinder does between thirty and forty horses' work in twenty- 
four honrs, with fi civt. of coal. 

" One of IJoulton and Watt's 18-inch double engine, about half 
a mile from it, lifting baskets of the same size, and with tlie 
same velocity, bums above three times the qnantity of coal. 

■' The 8-inch engine requires the steam to be about 4ti or 
48 lbs. to the inch to do its work well. The standers-by mnki 
not believe tliat such a small engine could lift a basket of cod, 
but are now mucli jileased with it, and have given orders for 
several more. There will be another at work here for tha same 
purpose in about six weeks, a 15-inch cylinder, 6-feet stroke, 
which is a great power for a winding engine. 

" Mr. Watt says, in a letter to Mr. Homfray, tlmt he could 
not make any of his experiments in strong steam answer the 
purpose. It is my belief that he never made any experiments 
of any consequence in strong steam. 

"A great number are building at different foundries. Mr. 
Sharratt, a founder at Manchester, who has four iii building, 
said that he would not pay the ]jatent right; on giving !uin 
notice of a trial he agreed to pay the patent right, 

"I have received a letter from London, saying that an en- 
gineer called Dixon has two engiuee on the fame plan working: 
and says tiiat he shall not jiay anything to the ptttentee; that 
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the words iu Mr. Wutt'a specificatiou are enough to iiidcmuify 
him from my threats. We )iqvo had three couusela' opinions 
on the subject, anil they all agree that the patent is good. 
Counsels Marratt and Gibbs principally treated ou tlie con- 
struction oF the engine, more than ou the principle ; but 
Erskiiia was principally ou the principle of the engine, and 
Raid very little of its construction. They all say the words in 
Mr. Watt's specification will have nu weight whatever against 

'■I shall leave this place to-morrow for London to make 
inquiry into those engines, and to get the business into court if 
they will contend. 1 shall be at No. 2, Southampton Street, 
Slrand, and expe<it to be in town about five or six days, and if 
you will be ao good as to return jiere, from Oxford, with me, I 
will call on you in my jouruey down. It is but 50 miles from 
itristol, and not so much as 100 miles from Uxford, and the 
coach jmssea very near this place. 

" Tliere is a great deal of machinery and mining here, which 
would engage your attention for a few days, and very pleasant 
gentlemen about the neighbourhood. 

*' If I had not been called to Swansea to put up the winding 
engine, the road-engine would have been at work long since, 
but in my absence very little was done to it. The work ia 
rU ready, and a part of it put togefber. If I could tarry four 
or five iliiys longer I could set it to work before going to I.ondon. 
They promise me that it shall bi! completed before my return, 
I think there is no doubt of its being finished, as I have Frank 
Ijeunetts here from I 'oT-u«all (ii)ouf it, and a plenty of hands to 
assist him. 

"I have a thonaaud things to relate to you, too much for 
pajnT to contniu, therefore must request yon to be so good as 
to go down fi-om Oxford with me, and I will promise, on 
warrant, that the road-engine shall be finished before my return. 
When il is set to work I shall return to CornnnlJ. 

" I remain, Sir, 
I '■ Your humble sen-ant, 

' ■' RlC'HAItU TllEVlTHICK." 
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In 1S04 au 8-iiich cyliader high-pressure 
en^ne, with steam of 48 Ihs. to ihe inch, worked a largv 
hammer as well as a 28-inch cylinder atmospheric engine, 
and more economically than a "Watt low-pressure steatii 
vacuum engine with an 18-inch cylinder, which was 
five times as large as the little high-pressure. In con- 
sequence of this superiority those who came to witness 
the ti'ial ordered several more of Trevithick's engines, 
one of which with a 15-inch cylinder and 6-feet stroke 
was to 1)6 at work in a few weeks. 

Watt wrote to Mr. Horafray " that he could not make 
any of his experiments in strong steam answer the 
purpose," and Trevithick declared Watt never could 
have tried any experiments with high steam. 

Dixon refused to pay patent right because the words 
of Mr. Watt's specification, " in cases where cold water 
cannot he had in plenty, the engines may he wrought 
by the force of steam only, by discharging the steam 
into the open air after it has done its office," "are 
enough to indemnify him." Eminent counsel were of 
opinion that "the words in Watt's specification will 
have no weight whatever." 

Marratt and Gibhs were inclined to rest on the 
difference in the construction of the two kinds of 
engines, while Erskine boldly said that the principle 
was different, and lie cared little for the kind of cou- 
struction. 

The admission by Watt that he could do nothing 
with high steam after an experience of thii-ty yearn 
from the date of his patent, shows how difficult the 
work was io those who bad to find the way ; yet Treri- 
thick had several at work within a few months of his 
first mental siglit of a steam-engine without condeuBing 
water, fitful glimpses of which passed and repaffled 
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while lie sat unobserved in tlie crowded law court in 
1796 hejiring the remarks of engineers and counsel. 

" The public uutil now called me a scheming fellow, but 
their tone is much altered. An engine is ordered for the West 
India IJoeks. to travel itself from ship to ship, to unload and to 
take up the goods to the upper floors of the storehousea. 

"Boulton and Watt have strained every nerve to get a Bill 
in the House to stop these engines, saying Ihe lives of the public 
are endangered by them, and I have no doubt they would have 
carried their point, if Mr. Homfray had not gone to London to 
prevent it ; in consequence of whicii an engineer from Wool- 
wich was ordered down, and one from the Admiralty Office, 
to inspect and make trial of the strength of the materials." ' 

After a week or two another letter states,' — 

" We are preparing to get the materials ready for the experi- 
ments by the London engineers, who are to be here on Sunday 
next. We have fixed up 28 feet of 18-inch pumps for the 
engine to lift water, 

'* These engineere particularly requested that they might 
have a given weight lifted, so aa to be able to calculate the 
real duty done by a bushel of coal. 

'• As they intend to make trial of tlie duty performed by the 
coal consumed, they will state it as against the duty performed 
by Boulton'a great engines, which did upwanl of twenty-live 
millions, when their 20-ineli cylinders, after being put in the 
best order possible, did not exceed ten millions. As you were 
consulted on all those trials of Boulton's engines, your presence 
would have great weight with those gents, otherwise I shall not 
have fair play. Let mo meet them on fair grounds and I will 
soon convince them of the superiority of the ' Pressure-bf-stea 
engine.' " 

Watt left no stone unturned to prevent tlie use of 
higli-pressure steam-engines, jind fortune favoured 



' See Trevithick's letter, 22nd Fchniarr, 1804, vol. L, p, 161. 
' See Trevithick's letter, 4th Mnrch, liC4, vol. i., p. 16B. 
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him, for after four or five days Trevithick ag; 
wrote :— 

" I am sorry to inform you that the esperiiueiita that were to 
be exhibited before the London genta are put off, on account of 
an accident which happened to Mr. Horafray. I find myself 
much disappointed on account of the accident, for I was desirous 
to make the engine go through its different work, that ita effect 
might Im3 published as early aa possible." ' 

While constructing those numerous high- pressure 
engines for rolling mills, winding engines, and pumping 
engines, the Welsh and Newcastle locomotives were 
being made and worked, yet he found time to teach the 
people of Stourbridge. 

" Mil. Giddy, " STOimBBiDan, J'u/y 5th, 1804. 

"Hir, — I should have answered your letter some time 
since, but waited to set two other engines to work first. Tim 
great engine at Peuydarran goes on exceedingly well. TTw 
engine will roll 150 tons of ii-on a week with 18 tons of coal. 
The two engines of IJoultoo's at Dowlais burn 40 tons to roll 
160 tons ; they are a 24-iuch and a 27-inch double. The engine 
at Penydarran is 18^ inches, 6-feet stroke, works about eighteen 
strokes per minute: it requires the steam about 45 lbs. to the 
inch above tlie atmosphere. I worked it expansive firsi, when 
working tlie hammer, which was a more regular load than roll- 
ing; then with steam high enough to work twelve strokes pw 
minute with the cock open all the stroke ; then I shut it off it 
half the stroke, \tliich i-educed the number of strokes to ten 
and a half per minute, the steam and load the same in both; 
but I did not continue to work it expansively, because the w«tk 
in rolling is very uneren, and the careless workmen would 
stop the engine when working expansive. 

" When the cylinder was full of steam the rollers could nol | 
stop it ; and as coal is not an object here, Mr. Homfray wishe' I 

* See Trevithick's letter, 9tli Mareb, 1804, wil. i., p. 1G8. 
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the engine might be worku-d to its full power. The saviug of 
coal would be very great by working exjiftueively. 

" Tlie trials we have made for several weeks past against 
Boulton's engines have been by working with the eyliiider full 
of steum. The cock springs oat of its seat when water gets 
into the cylinder, and prevents any mischief trom the velocity 
of the fly-wheel. 

"The tram-engine has carried two loads of 10 tons of iron 
to the shipping place since you left this. Mr. Hill says he will 
not pay the bet, because there were some of the tiam-plates in 
the tunnel removed so as to get the road into the middle of 
the arch. 

"Tlie first objection he started was that one man should go 
with the engine, without any assistance, which I performed 
myself without help; and now his objection is that the road is 
not in the same place as when the bet was made, 

" I expect Mr. Homfray will Imj forced to take steps that will 
force him to pay. As soon as I return liom here there will be 
another trial, and some persou will lie calle<I to t-estify its 
efifects, and then I expect there will be a lawsuit immediately. 
The travelling engine is now working a hammfir. 

" At \Voreester last week we put a lO-liorse engine to work 
in a glover's manufactory. The fine irora the engine is carried 
through the drying room and dries bis leather. The steam from 
the engine goes to take the essence out of the bark, and also to 
extract the colour out of the wood for dyeing the leather. Then 
it iKjils the dye, and the steam that is left is carried into his 
hot-house. It works exceedingly well. This week I put another 
to wind coals at this place, a lO-horse power, which works very 
well. All the tradesmen are set against it ; they »iy that there 
i« no carpenter or mason work about it, and very little smith- 
work, and that it will destroy their business. The engineer on 
ihe »i)Ot is also against it very much. I do not expect that it 
will be kept long at work after I leave it, unless the propiietor 
takes ciire to prevent those people from doing an injury to it. 
Mr. Homfray was here yestenlay, but is uow retunietl to Peny- 
darran. 1 shall go from here to Coal brook dale. 

■■ There is an engine there almost ready for the West India 
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Docks. It will be ready to send off to London in aboat 
weeks. It will be a very complete engine. The pumps for 
forcing the water will be fixed on tho bock of tbe boiler. It 
will foree 5UI) gallona of water 100 feet high in a minute ; «bove 
ten times the quantity that engines worked by men can do. 
Mr. Honifray and myself shall be in town as soou as tJie 
mstings are sent off. I hope you will be there at the time. If 
you wish to see the engines already at work in London, call ou 
Mr. David Watson, steam-engine maker, Blackfriars Boud. He 
lives up about 5O0 or (iOO yards above the bridge on the left- 
hand side; you will see his name over Ida door. If you have 
time to inspect those engines you will find by comparing thciu 
against Boul ton's, doing the same work, that there is s 
great saving of coal above other engines. ... I shall go to 
Liverpool and Manchester from here, and again to Coal- 
brookdale. 

" There are three engines at the Dale begun, to work with 
condensers, for places where coal is scarce. I think it 13 better 
to make them ourselves, for if we do not. some others will, fee 
there must be a saving of coal by condensing. But with gmiU 
engines, or where coa] is plentiful, the engine would be best 
without it. They say at the Dale about putting two cytinden 
but I think one cylinder partly filled with steam would do 
equally as well as two cylinders, 

" That engine at Worcester shuts off the steam at the first 
thirdof the stroke, and works very uniformly. I cannot tell what 

Lcoai it bums yet, but I believe it is a very small quantity. I 
shall know in a short time what advantage will be gained by 
working expansive. I expect it will be very considerable. 
There are a great many engines making and ordered. Bonlton 
and Watt and several others are doing everythiiig to destror 
their credit, but it is impossible to destroy it now that it is m 
well known. I have not taken any of the ground at Bristol to 
remove. I called on them and told them it was possible to 
break the ground without men, and they wish me to take a 
jiiece to clear ont, but would not set but a small piece at » 
time; therefore it would be discloshig the business to no pu^ 
pose. They were very desirous to know the plan, but I wonjil 
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not satisfy them, neither will I uiileo'! they piiy me for it in 
sotiif way or other. If you direct for me at the Dale it will 
find me, I am happy to find that yon have as 
I wish L'vtjry sent was filled with sudi. 
" I remuin, Sir, 

" Your very hniiible servant, 

•' RlOHAnC THEVITHICK." 

Trevittiick fully understood the value of the expaii- 
Bive principle in 1804 : wlieti workiug with steam of 
45 lbs. to the inch, the engine went at a speed of 
twelve strokes a. minute. On cutting off the steam at 
half-stroke, the speed and consequent work done fell 
to ten and a half strokes a minute ; in other words, the 
work performed by the engine fell off only one-eighth 
part, while the quantity of steam and consequently of 
coal was reduced by one-half. The priuciple was esta- 
blished, but the application was practically incomplete 
from the want of heavier fly-wheels, to give out their 
momentum during the latter lialf of the stroke, when 
tlie expanding steam was lessening its force. 

'* The saving of coal would be very great by working 
expansively, but as coal is not an object here," Mr. 
Horafray was careless about the e-ipansion. Thirty- 
three years after this indirect check to stt-ara-engine 
economy, the writer, then living in the Sirhowey Iron 
Works, and within stone's- throw of Mr. Horafray'e 
Works, recommended the removal of the Boulton and 
Watt's waggon boilers, to make room for Trevithick's 
boilers, on the plea of saving one-half the fuel, and at 
the same time increasing the power of the engine, and 
thereby tlie pressure of the blast in the iron furnaces. 
The proprietor was careless about tlie saving of coal, 
and was doubtful tliat an increased blast would increase 
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the quantity of iron sraelteJ. The promise that 
wages of one-half of the number of boiler fii-eraen woul'l 
be saved, was understood. Trevithick's Iiigh-pressure 
boilers replaced the Watt low-pr&ssure, resulting in a 
largely - increased quantity of iron from the greater 
power and pressure of blast in the furnaces, and at one- 
half tlie expenditure of coal in the boilers : ten meu 
had been employed as firemen of the Watt boilers 
during twenty-four hours; with Trevithick's boilers, 
five men did the work. 

The high-pressure puffer-engine, with an 18-Incli 
cylinder, working with 45 lbs. of steam, rolled as much 
iron as the two larger low-pressure vacuum engines of 
Watt, of 24 and 27 inch cylinders, which together were 
more than three times the size of the high-presaure 
engine, and cost three times as much. 

At Stourbridge, as elsewhere, everyone was against 
the new plan. The engineer in charge did not like it, 
and the carpenters, smiths, and masons saw the end 
of their occupation as engine erectors, if there was no 
longer a necessity for foundations, well-work, &c^ for 
condensing water, and many other things, necessarv 
to complete a Watt engine; while the high-pressnre 
puffer was no sooner unloaded tlian it was ready to 
work. 

A great charm in Trevithick's cliaracter was Iu« 
freedom and ki-genesa of view in questions of compefc- 
tion. He was then making three engines at Coalbrook- 
dale, to he worked with high-pressure steam, combined 
with the Watt air-pump aud condenser ; and though 
smarting from the contest with his great rival, yet 
wrote, " I think it is better to make them ourselves, for 
if we do not, Bome others will, for there must be a 
saving of coal hy condensing. But with small engint*, 
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or where coal is plentiful, the engine would l^e best 
without it." 

Those words accurately describe the practice of the 
piesent day, though written sixty-six years ago, and 
were followed by others equally true in principle, 
though varied in form to suit special requirement. 
" They say at the Dale about putting two cylinders, 
but 1 think one cylinder partly filled with steam would 
do equally as well as two cylinders." 

These sagacious views required the untiring labour 
of the following twelve years to perfect and make prac- 
tical, when applied to the largest engines of the lime; 
which we shall now trace in the construction of a strong 
and economical boiler, snpplying high-pressure steam to 
the cylinder during only a comparatively small portion 
of the stroke, completing it by expansion, so that at 
its finish the steam bad become of low pressure when 
passed to the condenser. The moving parts and expan- 
sive gear were so simplified as to be appliciible to the 
then existing low-pressure steam vacuum engines with- 
out the complication of the double cylinders of Horn- 
blower and Woolf, 

■' UkAi: Sib, " i'MvoARKAS Place, D^emhr -mi', 1804. 

"1 lirtve beeu favoured witli your letter, and in answer, 
respocliiig Mr. Mitchell, I am at a \oria to know from yum- letter 
what kind of iron he may likely want. If you will direct Hm 
to write to me, and explain himself, I will immediately reply to 
him and do what I can to assist and serve him. I believe there 
are vessels going over frai^ueiitly from Cardiff to Cornwall with 
coals, tliat lie might have part iu cargo and the remainder in 
codls. I am happy to give you the most satiafactoi-y account of 
our ■ Trevithick's engine' going on well. It has now been at 
work many months, and is by far iho best engine we have. 
We have lor weeks weighed the coal, and knowing the work it 
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does, can speak with confiJeiice. Its 18 incliea diameter steam- 
cylinder consumes as near as can be 3 toua of coal in twenty- 
four hours, or 18 Ions per week ; and in this tirae it ruHs with 
ease 130 tons long weight of iron from the puddling furnace*, 
at the same heat, into bars of 3 inches by about half an inch 
thick. Now, one on Messrs. Boulton and Watt's plan, of "24 
inches' steam-cylinder, at our neighbouring works at Dowlai-s 
employed in doing exactly the same kind of work, consumes 
fvil as much coal, and rolls only 90 tons in the week. The^ 
being facts, open for any person daily to see, must convince any 
dispassionate roan of the superiority of ' Trevithick's engin**,' 
and tliat the saving of fuel is nearly one-third, besides the otlier 
advontrtges of saving water and greasw?, which is no little. Tbfl 
packing of the piston now gives us little or no trouble, it goe* 
from a fortnight to a month, opening the top now and then to 
screw it down, as it gets alack, which should bo attended to. 
We use no grease or oil in packing the piston or working the 
engine, having found blaeklead mixed with water, and jionred 
'a little now and then' thraugh a hole on the top into the 
steam-cylinder, suit's the packing of the piston much better, and 
is cheaper than anything else. About Is. worth of black- 
lead will last our engine a week. We are now so thomnghly 
convinced of the superiority of these engines that I have just 
begun another of larger size. The boiler is to be 24 or 2ii feet 
long, 7 feet diameter, lire-tube at wide eml 4 feet 4 inches, 
and at narrow end, where it takes the chimney, 21 inches, 
steam-cylinder 23 inches diameter. This boiler, on account of 
the length of its tube withinside, will, 1 have no doubt, get 
steam in proportion, and work tlie engine with much less coals 
than our present one, Trevitliick is at Coalbrookdale, Man- 
chester, &c, &c., very busy, a great number of engines being in 
baud in that part of the world ; and I think by perseverance 
the prejudice is wearing away very fast, and in spile of all 
Messrs. Boulton and Watt's opposition, they must and will take 
the lead of theirs. Any person now wanting engines, must be 
next kin to an idiot to erect one of Boulton's in preference to 
Trovithick's. I find there is a small one making near you \ij 
Mr. Vivian. I hope they liave corresponded with Trevitbick 
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about the pro j>ort ions of it ; if tliey have not, I sliall be particu- 
larly obliged to you to desire tliem to do eo, for by his expe- 
rience of wlmt he has dime they may bo beiieflted, for it would 
l)e n shocking thing to have a had engine put up for the first 
time in his native county, 

"Mrs. Homfray unites with ine io best eompliiuents, and 
wisbiiin; you nmuv biippy returns of the season, 
" I rt'Tnain, denr Sir, 

"Your most obedient servant, 

"Samuel Homfkay. 
"Tu Mh. Uavies Ui!>n\'." 

Tlie evideuce iu tliis contest between tlie Watt low- 
pressure steam vacuum engine and the Trevithick liigli- 
pressure steam-piifFer engine is in favour of the new 
principle ; for the steam-enginu with an 18-inch cylinder 
did fifty per cent, more work than the vacuum engine 
with a 2-t-inch cylinder with an equal quantity of coal, 
though the latter was seventy-five per cent, larger than 
the former; and a still greater economy was expected 
from the larger boiler to be built, 2fi feet long, 7 feet 
in diameter, with internal fire-tube 4 feet 4 inches dia- 
meter at the fire end, tapering to 21 incliea at the 
chimney end. 

Thus in 1804 the cylindrical boiler in Wales had 
nearly reached its present form, and Homfniy thought 
that none but idiots would prefer the Watt engine; 
forgetting that Trevithlck's near friends and neigh- 
bours were carrying on a similar contest at Dolcoath 
Mine. 

" rKNYllAltHAN I'l.M'K, J.lultUTtJ 2/ll/, IKOrj. 
"Mk. DaVIES tJlDDY, 

"Dear Sir, — I have duly reeeiveil your favour eiielosiiig 
n letter for Mr. Trevithiek, and whit-h I, according to your 
desire, forwui-ded to him at Manchester, where he now la; aiid% 
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letter diiected to liim, to tlie care of Mr. Whitehead. 1 
Foundry, Manchester, will lind blm, aa he will stay a little time 
there, being very busy. I had lately the pleasure of writing to 
you, and gave you the account of our engine working, and the 
satisfaction it gives; I have nothing more to add on the snln 
ject, but that it is now at work, going on as usual, and I shouM 
be happy for you to have a sight of it. 

'■ We are hegiuuiiig another of a larp:er size, and I have no 
doubt but by making tiie cylindrical boiler larger, so as to take 
a longer lube witliinside it, by which means the fire will spend 
itself before it leaves the tube to go up the chimney, that we 
shall work to mui-h better advantage in point of fuel than we 
do at this present one, as this boiler is so shoi't that a great deal 
of the flame of the fire goes up the oliininey. We are now 
better acquainted with the diH'erent proportions than we at first 
were, for which reason I am anxious that oue now making by 
Mr. Vivian should be made according to the directions gf 
Mr. Trevithick. 

"I beg leave to otfer ;ou the compliments of the season, ddiI 
many happy returns, and 

" itemain, respectfully, dear Sir. .^ 

" Your most obedient servant, ^^M 

" Samuel HostFaAT.*^^ 

Trevitbick, always busy, was just now doing the 
work of a liost, for everybody bad to be taugbt Low 
to make higb-pressuie steam-engines ; and tbe New- 
castle locomotive, tbe Thames steam - dredging', aud 
other special applications of steam-power required his 
presence, especially tlie fight -with Watt at Dolcoatb 
Mine, where Andrew Tivian, as mine manager, was 
erecting a bigb-pressure steam-puffer whim-engine to 
compete with a Watt low-pressure steam vacuum wbini- 
engine. 

■■ 1'he adventui-ers grumbled because Captain Trevilbick wa* 
so often away from the mine. TJlauville, the mine car[>euter, 
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the bead man over the engines, made a trial between Trevi- 
thick's lii(^h-pres3Ure |mffer whim an<i Watt's low-pressure con- 
deDser, When Captain Trevithick heard of it, he wrote down 
from London that he would bet Glauville 50^ that his bigh- 
pressure [luffer ghould beat Watt's low-presisiire condenser. Then 
he came down from London and fouiirt that tbe piston of liia 
engine was half an infh smaller in diameter than tbe cylinder. 
When a new piston was put in, she beat lionlton and \\'att all 
to nothing. I'eraons were cbosen to make a three or four 
weeks' trial, and when it ivas over, ' a little pit was fonnd with 
coal buried in it, that Glanville meant to line in the Watt 
engine.' " ' 

Poolj, Smitli, and others, say that, Trevithick's 
iJolcoath puffer had the outer ease of the boiler of cast 
iron, the Hre-tuhe of wrought iron, the cylinder hori- 
zontal, and fixed in the boiler. Captain Joseph Vivian 
saw Trevithick's whim in Stray Park Mine about 1800 
or 1801, and a similar one was erected in Dolcoath, and 
after a year or two a Boulton and Walt low-pressure 
whim was put up to Iwat it. The trial was in favour 
of the Watt engine, but everybody said the agents were 
told beforehand which way the report ought to go ; so 
the engine tliat puffed the steam up the chimney was 
beaten. 

Trevithick, who was busily engaged in Manchester 
at that time, the early part of 1805, when informed ot 
what was going on in Cornwall, wrote : — 

" I fear that engine at Dolcoath will be a bad one. I never 
knew anything about its being bnilt until you wrote to rae 
about Penbertliy Crofts engine, when you mentioned it. I 
then requested Captain A. Vivian to infoim me the particulars 
about it, and I find that it will not be a good job. I wish it 
never was begun."* 

n 18fl!>. 
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" Mb. Giddy, 



"Cahboiinb, J^hruaiy Wlh, 180ft™ 



" Sir, — Oti my return froin town I altered the pressnn" 
of tlie steam-engine at tlie bottom of the hill, Dolcoath. Before 
I returned there was a trial between mine and one of Bonltoii s ; 
both engines in the same mine and drawing ores from the same 
depth. The result was, Boidton's iaeat the jtresau re-engine a^ 
120 to 55. Since it was altered there have been three other 
trials ; the result was 147 to 35 in favour of the pressure of the 
Bteam-engine. They are now on trial fnr another month, and at 
the next aeeount <Aey intend to order a new boiler for the yreai 
engine, o-hA work with high-pressure steam and condenser, pro- 
vided this engine continues to do the same duty as was done 
in the former trials. This engine is now drawing from a per- 
pendicular shaft, and Boulton and Watt's from an underlay 
shaft; but to convince Captain Jos. Vivian, we put it to draw 
out of the worst shaft in the mine, and then we beat more than 
three to one ; we lifted in forty-seven hours, 233 tons of stulT 
100 fathoms with 47 bnsheis of coal. The engine was on trial 
sixty-six hours, but nineteen hours were hindered by the shaft 
and ropes, Ac, which mnile the consumption of coals aboat Jths 
of a bushel per hour. The fire-tube is 2 feet 3 inches diameter, 
and the fire-bars were only 14 inches long. Tlie fire-place wa* 
but 2 feet 3 inches wide by 14 indies long, and the fire about 
4 or 5 inches thick ; it raised steam in plenty ; it was as bright 
as a i^tar. The engine is now doing the work of two steam- 
whims ; the otiier steam-whim in the Valley is turned idle, 
Land both shafts will not more than half supply it.. 233 ton* 
are equal to nearly 2000 kibbals, which were drawn in forty- 
seven hours. 
*' Mr. Harris has a 12-iDch cylinder making at Hayle, for 
Crenver, and Mr, Daniel lias a 14-inch for Perran-sand, and 
n great number are waiting for the trial of this month, h^ort 
oHerinff their boilers to the greai engines. 
" The steam-whim that is now turned idle at the Valley was 
13|-inch cylinder, 4-reft stroke; it turned the whim one revo- 
lution to one stroke, and lifted the kibbal the same heiglit at ■ 
stroke as my engine did, and I think took the same nnmber of 
eallons of steam to lift a kibhal us mine did. Their stoam was 
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not above 4 lbs. to the inoli ; mine was near 40 lbs. to the inch ; 
vet I raised ray afeani of near 40 lbs. with a third of the eoale 
by which they got theirs of 4 lbs. to tlie inrh. This is what I 
cannot account for, unless it i.s by getting the fire very small and 
extremely hot. Another advantage I have is, that there is no 
smoke that goes off from my fire to clog the fire sides of t!ie 
boiler, while tho common boilers get soot half an inch thick, and 
the mud tails on the bottom of the boiler, where the fire ought 
to act; but in these now boilers the mud fulls to the bottom, 
where there is no fire, and both the inside and outside of the 
tube are clean and exposed both to fire and water. This fire- 
place of 14 inches was 5 feet long when I came down, and then 
the coal did not do above one-seventh of the duty that it now 
does. 

" I would be very much obliged to you for your opinion on 
what I have stated, and what advantage you think the <freai 
engine is liJcelij io gd, from working with steam aioui '25 U>s. to 
the inch, and shut off early in the slroke, so as to have the steam 
about 4 lbs. io the inch when the piston is at the bottom. I think 
this, vnih tfte advantage of the fire-jilace, will make a great 
saving. 

" The present fire-place is 22 feet from fire-door to fire-door, 
9 feet wide, and 7 feet thick in fire. There is not one-tenth of tlie 
coals that are in the firc-pluce on fire at the same time ; it will 
bold 30 tons of coals at one time, and I think that a great deal 
of coal is destroyed by a partial heat before it takes fire. A 
boiler on the new plan will not cost more than two-thirds of the 
old way, and will la^t double the time, and can be cleaned in 
three hours. It requires twenty-funr hours in the old way, anil 
we need to clean the boilers only one-fourth the number of 
times. 

" Though these trials have shown so fairly that it is a great 
advantage, my old acquaintances are etill striving wilJi all their 
might to destroy the use of it ; but facts will soon silence 
them. 

'■ I am about to enter into a contract with the Trinity Board 
for lifting up the ballast out of the bottom of the Thames for all 
the shipping. Tiio first quantity stated was 300,000 tons per 
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^H year, but now they state 500,000 tons jier year. I am to m^ 

^H iiotliing Itiit wind up tiie ciiaia for Gd. per ton, which is now done 

^H by men. Tliey never lift it aliove 25 feet higb. A man will 

^^1 now get up 10 tons for Ts. 5Iy engine at Dolcoatli has lifted 

^H abore 100 tons tliat height with 1 bushel of coals. 1 have two 

^H engines already finished for tlib purpose, and shall be in town 

^H in, about fifteen days to set them at work. They propose lo 

^H engage with me for twenty-one years. The outlines of the 

^H contract they have sent me down, which 1 think is on very fair 

^H terms. 1 would tliaiik you for your finswrvr before 1 leave this 

^H county. 

^H '' I nm, Sir, 

^H ■' Your very liiimUe servant, 

^H " ItD. TREVITHieE." 

^V In the trial at Dolcoath during his ahsence the high- 

^M pressure steam-puffer wliim was beaten by Watt's low- 

^B pressure steam vacuum whim-engine as 55 to 120; hut 

^H having corrected some oversight in the puffer-engine. 

H it then beat Watt as 147 to 35. The trial was to be 

^B continued for a mouth ; and provided the superiority of 

^H his whim-engine could he maintained, the adventurers 

^F would allow him to apply his high-pressure boilers lo 
their large Boulton and Watt pumping engine. The 
trial with tlje wliim-engines was for the greatest nuni- 

_ her of kibbals of mineral raised to the surface bv the 

■ least consumption of coal. A dispute arose on the dif- 

H ferenee of the shafts, the one causing more friction (o 

^k the moving kibbal than the other, when Trevithidi 

^H agreed to take the worst shaft in the mine. On a trid 

^1 during sixty-six hours Walt's engine was beaten hv 

^B more than four times ; and as Trevithick's engine dlil 

^1 the work that before required two engines, one of tiie 

^H low-pressure steam Watt engines was removed that llie 

^H engine working with 40 lbs, on the inch might perform 

^H the whole work. 
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" My fire-tube is 2 feet 3 inches in diameter, and tlie 
fire-iiars only 14 iuchee long, and the fire only about 
4 or 5 incliee thick ; it raised steam in plenty, and was 
as bright as a star." These words certainly imply the 
use of the blast-pipe, making the fire as bright as a 
star, and enabling the small boiler to give the required 
supply of steam. Several high-pressure puffer-engines 
had been ordered, and many persons were waiting the 
conclusion of the month's public trial to enable them to 
judge between tiie Watt and the Trevithick engine. 



" Mr. Giddy, "Cambohnb, March ith, 1808. 

" Sir, — The (Ihj- after 1 wrote to yoa the first letter, I 
received yours, and this day I have yours of the 1st inafaiit. 

" I imi very much obliged to you for the figures you have 
sent me. I atii couviiieed tlmt tlie p-essure of deam trill >u)t 
hoiil good as theory points it out, because on exjianding it will get 
colder, and of course lose a part of its expansive force after the 
steam-valve shuts. I think tliere can be uo risk in making this 
trial on Ilolcoatli great engine, as they iiitcend to have a new 
boiler immediately, so as to pit'vent .stojiping to cloaiisc ; and a 
boiler on this new plan can be rnwle for one-third less expense 
than on tlie old pliiu, when you count ihe large boiler-house and 
ashes-pit, and brickwork round the boiler. It is not intended 
to alter any part of the engine or condenser, but only work 
with high steam from this new boiler; iiml if this boiler only 
)>erform8 as good duty as tlie old our, it will be a saving of near 
3007. to them on the erection. The vast matter this great engine 
has in motion will answer in pari the use of a fly-wheel : tlie whole 
of the matter in motion is near about 200 tons, at a velocity of 
about 100 feet a minute. This I know will not be sntSeient ; 
but it will be about equal to a fly-wheel of 20 feet diameter, 
25 tons weight, twenty rounds per minute, if weight and velocity 
answer the same puriiose. 

" Since Monday, the 18th February, being Dolcoatli account- 
day, both engines have been on trial, and are to be continued 
until the next account, 17tli instant. The engines are kept oa. 

VOL. ir. 
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in thi3 usual way, ns at other times. Neither of the ( 
have done so mueh duty as on the first trials, as they Iiare not 
been so strictly attended to. The average of the trial at this 
time stands 26 cwt. for a bushel of coals to Boulton and Watt's 
engine ; mine, 83 cwt. for a bushel of coals, 

" If I do not remain in Cornwall to attend next Dolcoath 
account, I shall be in town about the ISth instant, otherwise 
about the 20th instant. I shall call on you immediately on icy 
anivaL In this time I should be glad to hear from you i^iu. 
The Trinity business will answer exceedingly well ; I have two 
engines ready for that purpose to put to work on my arrival in 
town. 

" I am, Sir, ^^M 

"Your very humble servant, ^^M 

" Rd. TbevithicitT^B 

" P.S. — I would try the evaporation of water by both boilers, 
but Boulton and Watt's engine is so pressed with work, ao'i 
being on the best part of the mine, they will not stop it a 
moment, A boiler of 8 feet diami'tcr and 30 feet long will 
have ai^ much lire-sides in the tul>e as there is now in Dolcoath 
great boiler. The fire-tube in this boiler would be 5 feet 
diameter, and a fire-place G feet long in it would be 30 feet of 
fire-bars. In the whim-engines 1 find that a fire-place 14 inches 
long and the tube 2 feet 3 inches diameter would, being forceil, 
burn 1 bushel per hour. At this rule the great tube wouM 
burn near 12 bushels per liour, which is above the quantilT 
that the great engiue boiler can consume, now at work. Small 
tubes would have an advantage over large ones. Two boilets 
would not cost much more than one large one, and be much 
stronger." . 

The battle-groimd of the fight between low and hiph 
pressure from 1806 to 1812 had also served for the 
personal encounter of Trevithick, sen., and Watt a 
quarter of a century before, when the Dolcoath grent 
pumping engine was erected to compete with the two 
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earlier atmospherics ; all three were still at work, over- 
looked by Carn Brea hill aud castle, once the resort of 
Druid priests, whose sacrificial rites are still traced, by 
the hollows and cbanuels for the blood of victims on 
.the granite rocks. 




" Mh. GlDUV, "CAMnOHSE, March 2\sl, 180B. 

" Sir, — Tbq trial between the two engines ended last 
Monday, whieh waa Dolcoath day. BouHon and Watt's engine, 
[ler average of trial, 1 tun 20 cwt, 2 qta., with 1 biisliel of coals ; 
the other, 5 tons 11 cwt. 3 qrs., with 1 ditto, the same depth of 
shaft. The adventiirei's ordered the new castings that were made 
for another of Boulton and Watt's engiues to be thrown 
~ . r. 2 
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and another new engine of mine to be bnilt immediately, 
great boiler for the old engine is not yet ordered. 

" I have received orders for nine engines within these four 
weeks, all for Cornwall. Two 12-inch cylinders, two 16-inc,h 
ditto, three 9-inch ditto, one 8-ineh ditto, one 7-inch ditto, I 
expect one will be put to work next week at Wheal Abraham, 
for lifting water. 

" This day I shall leave Cornwall for London. Shall stop 
two days in the neighbourhood of Tavietock, and take ordere for 
three engines, jVs soon as I arrive in town I will call at yonr 
lodgings, I expect that the patent will be brought into court 
about the end of May. A person in Wales owes us about ROW. 
patent premium, and he says that the patent is not good. More 
particulars you sliall have on my arrival. 

" The railroad is going forward. I have the drawings in hand 
for the inclined plane. ^H 

" I am. Sir, H 

" Tour very humble serrant, ^^ 

" Rd. Trevithick." 

The fact that expansion of steam caused reduction 
of heat was so evident to Trevithick that he ventured 
to doubt his friend's theory. The trials between the 
whim-engines having continued a fortnight, showed 
that the high-pressure steam-puffer had lifted 83 cwt. 
while the low-pressure steam vacuum only lifted 26 cwt. 
with the consumption of a bushel of coal. A" suitable 
high-pressure boiler for the Watt low-pressure steam 
63-inch pumping engine should be 30 feet long-, 8 feet 
in diameter, with an internal fire-tube .'J feet in dia- 
meter; proportions approved of in the present day. 
The recommendation in 1806 to use small tuljes may 
claim to be the first practical decision on the advantage 
of tubular boilers ; and at the same time we read of 
the first hesitating step on the part of the public to uaa 
high-pressure steam in a Watt low-presstire engine, 
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'■ ■which was still deferred for further consideration, even 
witli the h'mited pressure of 25 ILis. to an inch; so the 
large Watt pumping engines were doomed for another 
tour or five years to struggle through their work with 
low-pressure steam, though at that time Cook's Kitchen 
high-pressure expansive condensing whim-engine had 
been for years at work close by. 

The shareholders professed to have fear of explosion ; 
but party-feeling and ignorance were the real causes of 
opposition, for working men had no dread of the new 
engines, while influential men leaned toward Watt's 
old-faBliioned plans.' 

This fear of Trevithick's expansive plans and high 
steam is the more surprising, because at that time a 
new boiler was required for the Watt 63-inch cylinder 
pumping engine and Trevithick's cylindrical tubular 
boiler could be made for one-third less cost than 
the Watt waggon boiler, thus saving 300^., and in 
addition he promised to apply the higher pressure of 
steam to the Watt engine without any change in its 
parts or expenditure of money, and make it set in 
motion at the commencement of the stroke the 200 tons 
of pump-rods, the momentum of which would, with the 
expansion of the steam, when shutting it off soon after 
the first start in the movement of each stroke, carry it 
through to the end; and he practically compares this 
advantage from hoarded momentum in the pumping 
engine with his experience of the fly-wheel of the rolling- 
mill expansive engine in Wales. 

The whim-engine with a fire-tube 2 feet 3 inches in 
diameter used 84 lbs. of coal per hour; and at that rate 
one cylindrical boiler 30 feet long, 8 feet in diameter, 
with internal fire-tube 5 feet in diameter, would supply 
steam for Watt's 63-incb eyHnder; but in place '■'' 
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he preferred two smaller boilers, because small tul 
have an advantage over large ones, and are mnch 
Btronger. 

The whim trials— high-pressure puffer against low- 
pressure vacuum — went on for another fortnight, when 
high pressure, haWng done twice as much work as low 
pressure, with an equal consumption of coal, the adven- 
turers threw aside the work that had been made for 
another Watt engine, ordering one in its stead from 
Trevithick; but they could not just then make up their 
minds to place the Watt 63-inch pumping engine li 
his hands. 

" Dear Sir, " CA«BonsE, Hag soii, 190R.' 

" I am very happy to find you have so far contintied 
your agreement with the Trinity gents, and tliink the bargain 
is a good one. Must slill beg leave to remind you not to proceed 
to show what your engine will do till the agreement is fuUy 
drawn up and regularly signed, 

"Doluoath agents, since they are informed of the accident 
at the iron-works in Wales, of tlie engijie Uouiinff to pieceB, have 
requested mo to have your opinion whether tlie old cyliuder ia 
strong enough for the boiler of the intended new engine, or 
whether yon would recommend them to have « new one. Your 
answer to this as soon as possible, as Mr. Wilhams and boihb 
others are likely to make some objections. 

** Mr, Sims, the engineer, has published in tlie Truro paper, 
that one of Boulton and Watt's engines at Wheal Jewell hm 
drawn more than a ton of ore over and above that drawn by 
the Dolcoath engine from the same depth by a bushel of coat 
On inquiry I found tliey had only tried for twenty-two hoats. 
They said they left off with as good a fire as they began with. 
This I argued was not a fair trial. They say they an now 
on a trial for a month. 

" The little engine at Wheal Abraham does its dalv ex- 
tremely well. The particulars us to consumption of co«i 
eanuot he fairly ascertained, as she has never been covered, 
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is itid with cold water, anrl has not water to draw to keep Ler 
constantly at work. 

" I wish I could give a better account of the mines than is 
in my power to give, or of the staudard price for ore, thongh 
the latter i& rather looking up than otherwise. Our friond, 
North Binner Downs, is better than paying cost, but very little. 
At present the levels are all poor ; the lode in the west shaft 
has underlayed faster thiin tJie shaft, and we have not seen it 
for several fathoms. The ground lately in the shaft has been 
cleaner killas, and if any alteration, better ground. It is now 
9 fathoms uuder the 55-fathom level, and we are driving to cut 
the lode. The ground in the cross-cut is harder than when 
you were on the spot. The water is sinking in old Binner; it 
is about 7 ffUlioma under tlie adit in the western part, and 
deeper iu the eastern part'; we do not account for this. Wheal 
St. Aubyn combined poor. Wheal Abraham looks promising, 
and Creuver about paying cost. Dolcoath is better than when 
you left us, or when I was iu London. The last sale was only 
about 800 tons. The next sale on Thursday is upwards of 
1100 tons, aud we expect a little better standanl. 

" I wish you could discover who that old gent is that wanted 
a large slice in Dolcoath, that I might get at bim through some 
unknown channel, for I want money sadly. 

"Cook's Kitchen continues poor, Tin Croft ditto; Wheal 
Fanny not ricli. We had a pretty little fight last account 
there with T. Kevill and W. Beynulds, Esquires ; black eyes 
and bloody noses the worst efl'ects. T. Kevill'a face was mudi 
disfigured, and he might have found a new road out of his 
coat. 

" At a meeting of Condurrow adventurers yesterday, twenty- 
four of them agreed to have one of our engines, cylinder 12 inches 
in diameter and 6-feet stroke, provided the Foxes do not object 
to it. When the order is given I shall write to Mr. Hazeldine, 
provided I do not hear from you that it is better to send the 
order to any other place. 

"If you have occasion to write Mr. Kazeldine, I wish you 
would press him to hasten the engines for Wheal Goshen, &c. 

"I am served with a Vice-wniden's petition by Mr. Harris 
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for not working the Weith mine in a more effectual manaer, 
and he [irays the Vice-warden to innke the sett Toid. The 
trial will come on Bome time the beginning of July, and liy 
that time I suppose we shall liave two fire-engines working 
thereiin. 

" Had Sir. Harvey done as he was desired we should have 
had one working there at this time, but he lias bat now begun 
to do anything to it. We have the cylinder and ends home 
from Polgooth, and my cousin Simon Vivian is making the 
tubes. We have the other cylinder from Wheal Treasury, and 
I have oi-dered Horton to cast a cock for it the same as that at 
Dolcoath. We have cut the sonth lode at the adit level aboat 
SO or 60 fathoms east of the engine, and have driven about 20 
fathoms on it. It turns ont about half a ton per fathom ar 
201. a ton. I'lie ground at 40s. por fathom ; this ail in a hole, and 
is better going down. The back is sett to four men at 3a. lid; 
their time is out this week, and I suppose they mu.<t have m. 
next. This may turn out a few tliousands, and I think Uw 
promising a tiling to give up to Mr. Harrip. 

" I am happy to inform you that all our friends are in gool 
health, and beg my most respectful compliments to Mrs. Rogers 
and adopted son ; and nm, 

" Dear Sir, 

" Yonrs very sincerely, 

" Andw. Vivtw. 



" Tha promised news respecting the engine business I am 
very anxious to have, as it will I hope make me prottd, as prond 
I shall be when I am able to pay everyone their demands, 
and have sufBcient to cany on a little business to maintain my 
family and self without the assistaniie of others. May too 
succeed in your undertaking and also be independent, is the 
sincere wish of your friend. John Finnis and others are 
anxious to know when they will be wanted. " A. V." 

The explosion at Greenwich in 1803 was made mucb 
itf, though the fault was clearly not in the holier. Three 
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years afterwards, in 1806, a steam-t-ylinder Inirst in 
Wales, therefore Mr. Williams, a lai^ sliarelioliler in 
Dolcoath, objected to tbe use of liigh-pressure exj)jinst\'e 
steam in tlieir large Watt pumping engine, (ind tleeirtHl 
their engineer, Jlr. Sims, to make a a)m|>etitive triiil 
afVer his own fashion. At Conduriow Mine one of 
Trevithick's engines was to be ordered if tlie Foxes and 
Williamses did not object ; and so it was that Trevi- 
thick's high-pressure steam-boiler was not ordered, and 
the Watt vacuum engine was for a longer time to 
receive no increase of power. 

" Some of Cai>tain Dick's early boilers had flattinh or oval 
fire-tubes, lu 1820 T repaired an old one in Wlieiil Clowflnce 
Mine in Gwin^ar. The flat top had come doivn a little ; wo put 
in a line of boltp, fastening the top of tlie tube to tho outer 
(rosing. 

"About 1S18 I saw in C'arsize Mice in Gwineiir a piimpin}^ 
ent:ine that Captain Dick had put up. The boiler wiw a cyliiidfr 
of cast iron, with a nTouglit-iron tube going tbrougli itii Imgth 
in which tbe fire vaa placed. The steam-i^linder waa vertical, 
fixed in tlie boiler. She had an air-pump and worked with n 
fonr-way cock. The steam was about lO'J 11m. to tlie infrh,'" 

'■About 1820 I removed one of Captain Trevithick'x f«rly 
higli-pressnre whim-engines from Crenver and Wlit-al A^/rah»rFi, 
nnd put it as a pumping engine in Wheal Kitty, wb<T« it *-/m- 
tinued at work for about fifteen years. Th*> Ixiilr-r wm lit iiut 
iron, in two lengths bolted togelber, afionl 6 fwt in iVmnw^Ut 
and 10 feet long. At one end a piece wan boltivl, ifil/> wliich 
tbe cylinder was fized, bo that it bad ibe Mphki iutt\ w«i«r 
uruuud it. There was an intenial wron^t'ir'/n Ini"; thot Ifim^ 
back again to the fire-door end, where (he wr^inght^irfrt «r(iiiwfw** 
was fixed ; the fire-grate end of tlw tiib« wtw ki^nit 2 (**i 
Ij indies in iliameter, and tapered drtwn to ai^mt I h4 n ^mf$im 
Ht the chimney end. It wu s inlfer, wurkii^ W (b^ j 
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to the iunli; it worked veiy well There were several othere iu 
tlie county at that time sometbing like it. It was made ut the 
Neath Abbey Works iii Wales." ' 

These boilers were of the kind first tried in Cornwall 
about 1800. The oval tube in the Kensingloii modelof 
1798 continued in nae in Cornwall for many years. Tbe 
cast-iron outer casing was soon abandoned, tliough one 
of them iu Wales remained in work fifty years, using 
steam of 60 lbs. to 100 lbs. to the inch. 

"My dear Jane, "Hsyle FonsaBV. -Jasu»( 26(A, ISIO. 

" I saw Captain Andrew Vivian on Wednesday, who tolJ 
me that he had been ofTercd 150Z. a year to inspucTt all Uie 
engines in the county, and report what duty they were dmjig, 
in order to slimulate tlie engineers. He declined accepting it, 
having too much to do ah-eady; and he thought it would be 
worth Trevithii^k'a notice, as it would not take liini more limn « 
day or two in a month. 

" I remain, my dear Jane, 

" Yours sincerely, 

"H. HA.UVET. 

" I ^v^ote this letter on Sunday, with an intention of sending 
it then, but thought it best to wait until this day, in hopes of 
hearing the determination of Government in your favour; bat 
your letter has arrived without tlie desired information. All 
that I cau now say is, to desire tliat Trevithick will make up hii 
mind to return to Cornwall immediately. " H. H." 

The application to the Government for reniuiieratioB 
for benefits conferred on the public was unsuccesefwl. 
The office of registrar of C'Ornisli engines was unsuilable: 
fortunately for mining interests, illness obligtd Tre»> 
thick to revisit his native county, for by the increased 
power and economy of his engines Doleoath Mine,» 



' HecollectitinB of Uapiain G. Eustace, 



residing at Uayle, 1668. 
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frequently mentioned, and so important in olden time, 
now returns 70,000/. worth of tin yearly. 

Trevifliick's first act on returning to Cornwall In 
1810 was the erection of the high-pressure boilers and 
pole vacuum engine at Wheal Prosper; at the same 
time renewing hie proposals to Dolcoath to use his 
improved boilers, which had been broken off in 1806, 
and to apply high-pressure steam to their low-pressure 
Watt engine, with the same safety and profit as in 
Wheal Prosper; the evidence was undeniable, so bis 
plans were agreed to, and in the early part of 1811 the 
high-pressure boilers, called tlie Trevithick or Cornish 
boilers, were constructed in the Dolcoatb Mine under 
his directions. 

Old John Bryant, who worked the Dolcoath large 
engines both before and after the introduction of higher 
pressure steam, including the Carloose or Bullan Garden 
45-inch cylinder engine, Wheal Gons 63-incb cylinder 
single engine, and the Watt 63-inch cylinder double, 
with the bee-but boiler, such as Trevithick, sen., used 
in 1775,' followed by the Watt waggon boiler, and 
afterwards by the globular boiler of Trevithick, jun., 
in 17f)!l,^ and still later also with the cylindrical boiler 
of 1811, gave the following statement, when seventy- 
four years old, to the writer : — 

" In the old bee-but Bnd the waggon boiler ihe steam pressure 
in the boiler was not much ; we did not trouble about it so long 
as the engines kept going: when the steam wtta ton high it blew off 
through the feed-cistern. When Captain Trevithitk tried liis high 
steam in Dolcoath we lioisted up the feed-cistern as high as wo 
could; when the steara got up, it blow the waterout of the cistern. 
Captain Dick holloed out, 'Why tlon't you trig down the clack?' 

" The cylindrical boilers when they were first put in leaked 

' Bee Tol. i., p. 25. * See vol ii., p. 1 1'J. 
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veiy much; we could hardly keep up the fire eoraetioies. I 
reckon the sttam was 30 or 40 lbs. to tlie inch. Captain Dick't 
boilers made liim lots of enemies. I heard say in one mine 
where he was trying his boilers against Boiilton and Watts 
wag-gon, a lot of ^'unpowder was put into the heap of coal." ' 

The wnggon or hearse AVaft I>oiler was attacbed to 
his 63-incli cylinder double, and the old man recollected 
having raised the water cistern, when Trevithick's globe 
boiler gave an increased pressure in 1 709, ten or twelve 
years before the cylindrical boilers were made in Dol- 
coath. 

" Some lime after L'aptuin Disk's globe boiler and Ateam-whims 
bad been at work in Dolcoath, a letter came down from Londm. 
saying that he would save the mine IWl. a month if t&QT 
would put iu one of his new plan boilers, 

" They were put in hnnd in the mine, and I worked nloul 
them ; they were wrouglit-iioii cylindrical boilers, about 20 feel 
long, and 5 or 6 feet in diameter; the fire-tube was abuat 3 fed 
iu diameter; the fire returned around the outside in brirk 
flues. Three boilers were put in side by side. 

"When Captain Uiek first tried them, he said to the men. 
Now mind, the fire-bara must never have more than six incbei 
of coal on them ; jjive a shovel or two to one boiler, and then 
to another. Wbon Captain Dick's back was turned, the men cud 
they wasn't going to do anything of the sort, there would nenc 
be no rest for them. They used to say that the boilers sand 
more than 170?. the first month." '' 

Chirk, when a boy, in 1799, helped to construct 
Trevithick's globular boiler in Dolcoath, and recollected 
the events of the few following }e;irs, during the con- 
tests with the whim-engines about 1806, and the intrth 
duction of the largo cylindrical wrought-iron boilers ftv 
the pumping engines in 1811, and the stniggle pre- 

' Old John Bryant's statement in IS.'tS. 

' Clark's recti] lee lions in 1B6I), wlieu he wiib tiglily-LliH.t- jmre M, uA 
KsiivA at Ri<drutli. 
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ceding the dcmn&D of Ac Vi 

Tacunm eogioe, 

expansive 

"Aboat 1812CB9l^a1 
Watt waggon tnokn lA I 
Trevilliick's boOer. IWf «a« diMt 3» fct ki^ C fat m 

diameter, with a tobe abort 3 fact C iKiHS ia J 
through its leagtb. Ikn ma a ^m ^ ilart C i 
between the bott«B cf ^ tak aad As aalBr ^m^ ! 
pereotis opposed tbe mem pliB& TW 1 
pre^tiire engine did vat wnrk «cfl raA Ae kqjk fl 
water rose io tiie a" "' ~_"~ 

tirnt he was beii^ wwpMl, wuind paoHMa ftai 
managers to dunlin the oU c ' ~ ' 
staff. Captain Jacob TIiwm m Os a 
right. He Derer left tSe HtDe aatO dv «agiae awbd beaor 
than ever before, and fixked t^ water to tke haOam «f dw 
mine. Before that time tike anefac* ^"^ ■> ^ eoaa^ lif 
ttie BoultoD and Walt eagnm tu leTcaleta at dgMeea aul- 
lioQs, aod in two or three nai^ vidi TrevitinA* InBen aad 
improTemeiiU in the eugioe^ tke datj rase to fartj tHI*™?^. 
About 1826 he (Captain Tmaa) wac maMger ot Wkeal Twaa ; 
their enj-ines were considered tlie \f^ ta the montj, iaa^ 
eightr-seven millions; thev had Trentliiek's Imlen^ woriuttg 
ivith higb-pressore steam and eipansire gear; (ew if anr of 
Boultou tmd Wult's boilers could then be found in the rounty. 
Sir Joliji Renuie and other scientific men, who doabted the 
reports of the dnty, came and made iheir own triaU witli llie 
engines, and were satisfied that the dnty was correctly repdrted. 
" About that time a Mr. Xerille requested him to report on 
the engines at his colliery at Llaneltliy; one was au atmo- 
Bpherii; of Newcoroen's, doing six millions ; and fonr or five of 
Houlton and Watt's patent engines averaged fourteen millions." ' 

Wlien at last the cyUodiical high-jiressure boiler 
■was admitted, and men had been taught to fire them, 

' CapUin Nicholas Vivian was a schoolfellow and intimate friend of Tir- 
virhicK's; he resided nt Cnmlxirtie in 1858, when hp gave hla recollectioiui. 
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many persons etill liked the old plans, and among thm 
the easy-going low-pressure enginemen. The codbB' 
quence was that tbe Watt engines under their manage' 
ment refused the early doses of Trevjthick's high steam, 
not easily digesting if, and their ohstinacy nearlj 
swamped Trevithick and his plans. 

"When a little boy, about 1812, I frequently carried mv 
father's dinner from Peiiponds to Dolcoath Mine. One day, nol 
finding hira in tlie engine-hoiiee, I sought liim in the accoonl- 
house, but not knowing him in a miner's working drees, refiised 
to give him his dinner. William AVest then worked with hia. 
I heard there was difficulty in making the new boilers and tbe 
old engine work well ; engineers from other mines looked a 
from a distance, not liking the risk of exi>lo8ion. People 
seemed to be against the new plana; some luboarers vaAei 
with them," 

This narration — sixty years after the events — fifom 
Mr. Richard Trevithick, the eldest son of the engineer, 
shows that William West helped in applying hi^ 
pressure steam to the Watt low-pressure engine, and 
that hut few sympathized with the innovators on old 
customs; but among them was Captain Jacob Thomas, 
who suceesafiilly fed the old engine with strong steam. 

At that time the Watt engines in Cornwall had been 
doing seventeen or eighteen millions ; Trevithick'j 
new boilers increased their duty to forty millions. 

" William Pooly ' was working in Dolcoath before Cdptsin 
" Trevithiok'a new boilers were put in, and ht'lped to put them in. 

"The Shammal 4o-inch engine was an open-top oylindff. 
with a chain to the segment-head wooden beam. So was Ibe 
63-inch cylinder Stray Park engine, then called Wheal Gm*' 

' William Pooly worked the Dol- pii*d by Watt and hia 63-iiidi emi 

coath T6-mch engioe in 186!) ; his | duuble engine. 

rraiUectiona were given in Iha old i ' Smiles speaks of this as Bciaic\ 

engine-house, on the spot onue occu- ! 
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in Dolcoath sett, and the Boulton and Watt 63-mch cylindei- 
double-acting. 

" There used to be great talking about different boilers ; a 
lioiler of Captain Trevithick'a worked with higher steam than 
the others. Jiist before Captain Dick came back to the mine a 
Boulton and Watt hearse boiler had been repaired with a new 
bottom ; it was never used. I and William Causan took a job 
to cut up the boiler at la. 6d. the hundredweight ; it weighed 
17 tons. Jeffrie and Gribblewere the mine engineers; Glan- 
ville used to be considered Captain Dick's man in the mine. You 
could stand upright on the fire-bars in the middle hollow of the 
hearse boiler, and so you could iu the outside brick flues ; the 
middle hollow was like a horse-shoe. When Captain Dick put in 
bis cylindriciil boilers he altered the 63-inch single ; there was 
hardly anything of her left but the main wall, with the wood 
bob and a chain to the piston-rod, and also to the pump-vods. 
There was an air-pump, and I tliink a second-hand cylinder was 
brought, but it was a 63-inch ; the old Siianimal engine had 
been altered, too. 

*' The new boiler put in was about 8 feet in diameter and 
from 30 to 40 feet long, two round tubes went through it ; the 
iire-place in one end of one tube and in the other end of the 
other tube ; after going through the tubes ihe draught went into 
the brick flues under the bottom and sides. When the new 
engine was put in, Giibble said, 'Why, these little things will 
never get steam enough ; ' everybody said so. 

■' In the Boulton and Watt engines we didn't trouble about 
feed-punipe and gauge-cocks. 

" A wire came through a stuffing box in tlie top of tlie boiler ; 
a biggish stone in the boiler was fasteued to one end of the 
wire, the other end was fastened to a weighted lever near the 
water cistern, just above the boiler ; when the water got low the 
stone opened the valve in the water cistern. That was wlien 
they were putting in Captain Dick's new cylindrical boilers to the 
old 63-inch engine. She did so much more work, with less 
coal, that in a year or so they agreed to throw out Boulton and 
Watt's engine, and to put in a stronger one that could stand 
Captain Dick's high steam. Jeffrie and Gribble were ttie mine 
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engineers that put her up. The 76-iiich cylioder eame from 
Wales. The big beam was cast at Perran Foundry in 1815; 
you can see the name and date upon it now. The boiler and 
the gear-work were made in the mlDe, The exhaiist-vfilTe k 
exactly as wlien it was jint in, worked by a rack-snd-tootii 
segment. The equilibrium valve is unchanged, except that liie 
rack is taken out and a link put in. 

" The ateum-valve was taken out soon after she went to work, 
and the present double-beat valve was put in ; it is the iirst of 
the kiud I ever saw. Some were made beibre that time with 
a small valve on the top of the big one, that opened fint. 
to ease the pressure. 

"John West' fitted up the valve-gear in the mine with tlie 
expansive tappets, the same oa when she stopped a mouth or 
two ago, and the same aa the present new one has. 

" Captain Dick's cutting off his strong steam at an early part 
of the stroke, used to make the steam-valve strike very hard ; » 
the new plan valve, with a double beat, was put in ; that must 
have been about 181G or 1817; and the valve and expansile 
horn for working were just exactly like what tliey have put 
into the present uew engine in 1869. She was the engine liuil 
showed them how to fork the water, and burn only half the owl. 

" I worked in this mine the old atmospheric engjne*i, and then 
Boulton and Watt ; and then Trevithic-k's boilers in Boulton ainl 
Watt; and then Trevithick's boilers and engine; and now 1 
come every day to the new engine, though I can't do madt. 
They give me 3os, a month; and my name is William Pooh, 
Doltoath, 1869." 

Three years ago (in 18GE)), when the writer enlcreH 

the old eiigine-houae in which Watt's 63-inch cylinder 

doable had been erected in 1780, adjoining the old 

walls that then enclosed that enrly Newcomen 45-inrfi 

cylinder Carloose engine, re-erected by Trevitliick, 

sen., in 1775 in Bnllan Garden portion of Dolcoatb. 

■ Three WMt8,al1 skilful mi'cliBDL- 
chI engineers, were (imployeil at thiit 
time in Dolunatii, all of tliem kunwn 
Id the writer, whu thinks the dotihle- 
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an old man sat near a small window in a recess in 
the tiiick wall of the engine-house, within reach of 
the gear-handles of the Jefirie and Gribble 76-iiich 
cylinder engine that Trevithick, jun., had erected in 
181C on the foundations of the removed Watt engine; 
he held in one hand a portion of slate from the 
roof, and in the other an old pocket-knife, one- 
half of the blade of which had been broken off, leaving 
a jagged fracture, with which he made tbe figures of 
some calculation on the rude slate ; on his nose rested 
the brass frame of a pair of very ancient 8i>ectacle9, with 
horn glasses. He answered the writer's question by, 
" Yes, I am William Pooly ; I worked this engine, and 
tbe other engines before it — the gi'eat double and the 
little Shammal working out of tlie same shaft ; and I am 
seventy-four years of age. The 63 single worked upon a 
shaft up there ; she was called Wheal Gons." That old 
man, still living, bad worked in Dolcoath Mine one of the 
first steam-engines of Newcomen ; tbe 45-inch, modified 
by Trevithick, sen. ; then the 63-incli double of Watt ; 
(Vnd, finally, the high-pressure engines of Trevithick, 
jun. ; be saw the open-top cylinders, atmospheric of 
Newcomen, in the Shammal 45-incb and Wheal Gons 
G3-incb, with their wooden beams with segment-lioaded 
ends, moving in rivalry with the Watt 03-inch double, 
with cylinder-cover and parallel motion ; he saw the two 
former engines, as altered by Trevithick, jun., using the 
higher steam from the globular boiler on which Henry 
Clark worked in 1799, when "there used to Lie great 
talking about different boilers, and a boiler of Captain 
Trevithick'a worked with higher steam than tbr 
and the waggon lx)iler of Watt, that b»> ' 
paired. wa« discarded and cut up;" 
Trevithick, "the fire-place is 22 ft 
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fire-door, £t fett wide, and 7 feet thick in fire,"' ■¥ 
proposed to replace in 1806 by a cylindrical ! 
give steam of 25 lbs. on the inch. 

Pooly also saw the finishing etroko in 1811, when 
the boilers still known as the Trevithick or Cornish 
boilers, gave st^am to the three engines ; after a twelve 
years' fight between low and high pressure, commencing 
with Trevithick's globular boiler and internal tube, in 
Dolcoath, in the year 1799, from which time it gained 
step by step, though in comparatively small engines, iqt 
to ISll, when the cylindrical boilers took the place of 
the condemned hearse and globular boilers, and gave 
really strong and expansive steam to the three Dolcoath 
pumping engines that from time immemorial had been 
rivals, causing all three of them to lift an increased 
quantity of water, and at the same time to save oneJialf 
in the cost of coal ; tliis continued for four or five yeaia, 
when in 1816 the 63-inch double and the 45-inch, being 
the youngest and the oldest of the three, were removed, 
that a new 76-inch cylinder, better adapted to Trevithick's 
expansive steam might more cheaply perform their joint 
work. Prior to this change the three engines were 
known by the names Shammal 45-inch, formerly Bullan 
Gurden,' but before that as Carloose, of the period and 
foi-m of the Pool engine ; ^ Stray Park 63 single, 
formerly Wheal Gons,* dated from 1770 to 1777; auJ 
the 63-inch double of "Watt in 1780. 

" Sib, " Dolcoath Mine, March 2^th. 1856, 

"I have obtained the following information respecting 

the building of the first cyUndrical boilera, as ordeiiHi bv yoar 

late father for Dolcoath ; and some information of the resnltt 



' See Trevithick's letter, February lath, 1806, vol. ii., p. H3. 

* See vol, i., p, 25. ' Sec vol i., p. 5. 

* Query Bonze, apoken of by Smiles. 
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as to the coiils ooiisumed, compared with tlio conBumption by 
tlic boilers previously in use here. 

" Georj^e Row, now ^boiit seventy-two years old, and working 
at Camborne Vean Mine, says be assisted to build the two first 
cylindrical boilera with internal tubes used in Cornwall. They 
were built in Dolcoath Mine in the year 1811 ; they were 18 feet 
long, 5 feet diameter, having an oval tube 3 feet 4 inches in the 
largest diameter at the fire end ; tlie other or chimney end of 
the tube woa somewhat smaller. They were found too email for 
the work to be done, and atiother boiler was bnilt immediately, 
22 feet long, 6 feet 2 inches diameter, and he believed a 4-feet 
tulie. 

" JolinBryant.nowBeventy-fouryearsoId, worksasteiim-engiiie 
at West Wheal Francis. He worked at Dolcoath the 63-inch 
cylinder double-acting engine, upon Bonlton and Watt's plan. 
When he first worked her she had tlie old bee-but boiler, 
y4 feet in diameler. They were taken out for the Boulton and 
Watt waggon boiler, 22 feet long and 8 feet wide, with two fire- 
doors opposite one another. 

" Then the Boidtoii and Watt waggon was taken out for 
Captain Trevithick's boilers, which he worked for several yeare. 
Two boilers were put in, each 18 feet long, 5 feet diameter, 
with an internal oval tube, he thinks, 3 feet by 2 feet 6 inches. 
Shprtly after, another boiler of similar form was added, 22 feet 
long, (J feet diameter, 4-feet tube. 

" He cannot say wliat the saving of coal was, but remembora 
that the duty performed by the engine with the waggon boiler 
waa thirteen to fourteen millions. Mr. William West came to 
the mine aa an engineer, and by paying great attention increased 
the duty of the Boulton and Watt engine and boiler to about 
(ii'teen millions. He does not recollect the duty the engine 
performed with the cylindrical boilers. 

" Mr. Thomas Lean, of Praze, the present reporter of mine 
engines in the weatern part of Cornwall, in answer to a note 
I Bent to him, says he has no account of any report of Dolcoath 
engines for the year 1812, but during the month of April in 
that year the engines did 21J millions. During the whole 
of 1813 that engine was reiiorted to average a duty of twenty-on* 
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millions. The whole of the above ai-e at por biiahel ol 

and the whole of the accounts furnished by Mr. Lean are for 

TroTithick's cylindrical boilers. 

"From the Dolcoath Mine books I find the following;: 
Paid for cools for the whole mine during the year 1811. 
_ 115W. 15«. lOd.. or per mouth, 931/. lis. Id. Daring the firel 
three months of 1812 the troal averaged lODO?. per mouth. In 
May of this year, 1812, Captain Trevithifk is entered on tlic 
books as paid 40/. on account of boilers; and in August of tbe 
Bame year, for erecting three boilers, 105t I tliink the three 
boilers were at work in April, 1812, the month Mr. Lean gives m 
the first reported. From April, 1812, to December, during nine 
months, the cost of coals was 5512/, tis„ averaging G12/. Ot Qj. 
per mouth. During the nest year, 1813, the coflt for coalnu 
7019/, 178. 5(/,, or an average per month, of 690/L 16*. 5d. I 
cannot find the price paid per ton for the coal in these venri^ 
but the average price during 1803 and ISlo nas much ahke. 
making it prolwible that the price per ton during 18U, ISli, 
and 1813, was nearlythe same; and that the saving of the abore 
300/. per month in Dolcoath was wholly on account of iki 
saving effected by Trevithick's cylindrical boilers. 

"The testimony of John Bryant, that the duty with the 
waggon boiler was say fourteen millions, and that of Mr. Le«D. 
giving twenty-one millions with the new Trevithiek boiler, bear 
much the same proportion as the charges for cools in tha 
respective periods above given, 

"In the year 1816 a new 76-inch single engine was erwled 
in the place of the old Boulton and Watt 63-iuch double eJi-nw 
with Trevithick's cyliudrieal boilers. The average datv \ia- 
formed during the year 1817 was 43^ millions. This same eugioc 
is Btill at work, and her regular duty is from thirty-six to thirtj- 
eight millions, 

" I am, Sir, 

" Yonr most obedient servant, 

■' Charles TaoMAe. 

' Fban(.ts Thevithick, V.s^.~ 

Captain Charles Thomas, who was nne of the most 
experienced ol" Coniish miners, for many years tlie 
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manager of Dolcoatli, and in youth the acquaintauce 
of Trevithick, states that the new high-pressure hollers 
were made in the mine in 1811, and gave their first 
supplies of strong steam to the three large pumping 
engines in April, 1812. with auch good eifect that 
the increasing water which had threatened to drown 
the mine was speedily removed, and that with a saving 
of nearly one-half of the coal hefore consumed. Prior 
to their use Dolcoath Mine paid 1000/. monthly for coal ; 
hut for the latter nine months of the year, in conse- 
quence of the new boilers, the cost was reduced to 012/. 
a month. This saving in the pumping cost of one mine 
crowned with success the higli-pressure steam engineer, 
who had heen steadily gaining ground during his fight 
of twelve or fourteen years on the battle-gi'ound cliosen 
by Watt thirty-three years before. 

The low price of tin and copper, which caused bo 
many engines to cease working about the close of the 
last century, had changed fur the better, and tlie present 
century opened with an increasing demand for steam 
power. Trevithick's high-pressure portable engines had 
worked satisfactorily for several years ; and as a means 
of making public the relative duty performed by Cornish 
pumping engines, and of solving conflicting statements 
on the rival systems of low and high pressure steam, 
it was determined that an intelligent person should 
examine and give printed montldy reports of the amount 
of duty done by tLe different engines, and in 1810 
Captain Andrew Vivian was requested to take this work 
of engine reporter in hand ; on his refusal it was 
offered to Trevithick. In August, 1811, Mr. Lean 
commenced such monthly reports, showing that the 
duty of twelve pumping engines at the end of that year 
averaged seventeen millions, exactly the duty done by 
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Boultou and Watt engines thirteen years befoi 
repoi-ted by Daviea Gilbert and Captain Jenkin iu 
1798, proving the small inherent vitality of the Watt 
engine. 

In 1814 the Dolcoath pumping engines, with Trevi- 
thick's cylindrical boiler and high steam expansion, are 
thus reported : — "The Boulton and Watt, Dolcoath gre.il 
double eugine, 63-inch cylinder, did a duty of 21J 
millions; the Sliammal 45-iuch eyiindtjr, single engine, 
did 26 J millions; and the G3-inch single, Stray Park 
engine, 32 milhons." Sliamraal engine, nearly 100 years 
old, beat the Watt engine of more than half a century 
later; and so did Stray Park G3-ineb, which Watt had 
laughed at when he first tried his hand as an engineer 
in Cornwall in 1777.' 

The marked change in these three engines, while fur 
two or three years under Trevithick's guidance, I)e- 
coming more powerful and economical, raised the usual 
swarm of detractors, and in 1815 a special trial wi 
made, which lasted for two days, to test the i-eportod 
increased duty by the cylindrical boilers and expaofflve 
working. 

The unbelievers were then convinced, and agreed b> 
throw out the Boulton and Watt great double engine 
63-inch cylinder, together with its neighbour, the worn- 
out old 45-inch, and put in their stead one engine witli 
a cylinder of 70 inches in diameter, with expansive 
valve and gear, and parts strong enough and EuitAble 
to the high-pressure steam, on Trevithick's promise that 
it should do more than the combined work of the othei 
two with one-half the coal. 

In 1816 this new engine commenced w-ork, and di«l 
flirty millions of duty, increasing it during the next 

' tke \-A. i., p. 30 ; vol. ii., |'. 1 lu. 
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two or three years to forty-eight millions, being throe 
times the duty performed by the Watt 63-inch double 
engine before it was supplied with steam from Trevi- 
tbick's boilere, and twice as much as it performed when 
so supplied. Lean says, "This was the first instance of 
micli duty having been performed by an engine of that 
simple construction." The other mines followed Trevi- 
tbick's advice, but never paid him a penny. On this 
Lean again says, " The engines at work in the county in 
1835 would have consumed 80,000^. worth of coal over 
and above their actual consumption yearly, but for the 
improvements that had been made since 1814." 

Trevithick's engines were very durable, as well aw 
cheap in first cost and in working expense. This 
famous Dolcoath 76-inch engine remained in constant 
work night and day for fifty-four years ; after which 
good service the steam-pipes, being thinned by rust, 
were held together by bands and bolts ; the steam-case 
around the cylinder would no longer bear the pressure 
of steam ; the interior of the cylinder from wear was one 
inch larger in diameter than when firsl. put in, and liad 
to be held together by strap-bolts. The original boilers 
were said 1o remain, only they had been repaired until 
not an original plate remained ; but there they were in 
the old stoke-hole in 18(59, when, from the fear of eome 
part of the engine breaking and causing accident, it 
was removed. 

In 1807 the writer was a member of the Dolcoath 
Managing Committee, when it was determined that the 
old engine of 1816 should be replaced by a new one. 
The cylinder sides were reduced in thickness by half an 
inch; the steam-pipes and nozzles were thinned bymst 
and decay; the valves and gear- work remained in good 
order, ('aptain Josiah Thomas, the present manager of 
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the miner offered to sell lliis oIJ engine at scrap price, 
titat it niiglit l>e etoretl in the Patent Museum ai Ken- 
sington a-s a. memento of tlic early high-pressiire 
expansive steam pumping engine. 
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Tlie steam-cylinder of 1816 was cast in South Wales; 
tbe beam still working in the new engine of ISGE) was 
east in the foundry of the Williams' at Perran. John 
West replaced the original flat expansive steam-valve 
with a douhle-beat valve; the gear was principally 
made hy liim on the mine, and remained in good work- 
; to the last. This doiili!e-heat valve is the first the 

riter has met with ; it is of the same form as the 
inodeni douhle-beat valve; an earlier plan was to have 
a small valve on the top of tbe main valve. Tlie steam 
in ordinary working was shut off when tlie piston had 

I moved fi'om an eighth to a quarter of its stroke, 
I Tbe Crons, or Stray Park fj3-iach cylinder, survived 
ba companions, the ti3 double, and 45 single, for some 
no or fifteen years, having beaten both of tlicm in duty. 
Wk. memorandum in Trevithick's handwriting showet 
that be in 1708, when designing his large globular 
boiler with internal Hue at the reworking of Dnieoatli, 
tested tbe relative duty of the Watt (i3-ifieb double and 
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the 63-incb single engine, then called Wheal C 
latter iu its original form of open-top cylinder atmo- 
spheric; shortly after which it probably received a 
cover about the same time as the 45-iuch. for lH>th those 
engines were thoroughly repaired by Trevithick at the 
reworking of the mine, twelve or fourteen years prior to 
the use of the cylindrical boilers. 

"At tbe time that Boulton and Watt inailo tlieir trial i-f 
Seal-hole engine against Hornblower'a engine at Tin Croft, tlii- 
engines were put in tbe best order, and gcxxi ooala brought in 
for tlie [jarpose, to work for twenty-fonr hours, Tbe trial woe 
attend^ by the principal mining agents; tbe result was about 
ten mitUons by each engine. 

" At Dolcoiith Mine an old atmospberic engine continued to 
work for several years by the side of one of Boulton aud WsUV 
engines of tbe same size; tbe water lifted and coaL« cousnmoi 
were carefully taken aud made known to the public, ehowiig 
that Boulton and Watt's engine performed, when compmd 
whb the old engine, as 16 to 10."' 

Hornhlower was an active engineer in Cornwall 
before Watt; the patent of the latter claiming the sole 
right of working an engine by steam iu the cylinder,' 
drove the former to use two cylinders, in oue of which 
the expansion was carried out, as a means not described 
in Watt's patent ; a lawsuit was the consequence. Hie 
two engines when tried by Trevithick' performed an 
equal duty of ten millions. In 1798 he tested the Dol- 
coath atmospheric 63-inch single against "Watt's great 
63-inch double action. " The atmospheric perfonned ten 
millions," precisely the duty of the patent Watt and ilie 
patent Hornhlower contests of six years before ; but tbt- 
Watt Dolcoath engine, then considered the best he bad 

' MemoniiiJuni in Trevithick's writing. ' Hn- v<A, i.. j., w. 

» See vol. i., p. 57. 
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made, did sixteen millioiiH. These trials in 1792 and 
1798 enable us to compare the Newcoraeu, the Horn- 
blower, and the Watt engines; sliortly after which Tre- 
vitliick tried higher steam in one or more of those 
same engines from his globular boiler.' 



" Sir Ch. Hawkins, " Camborse, March loth. mil. 

" Sir, — This day I shall attend the account at Wlieal 
Prosper Mine, in Gwytliiau, to contract with the adventurers 
for erecting a steam-engine on my improved plan, for drawing 
the water 5D fathoms imder the adit. I called on Wheal 
Liberty adventurers at St, Agnes last week, and found that 
several uf them had given np their shares rather than put in u 
new engine, and the ronniinder of them very sick. 

" I told them that I would fork the water with the present 
engine, and draw instead of 40 gallons each stroke, 47 fathoms 
deep (which she did), 85 gallons per stroke, 65 fathoms deep, 
by altering the engine on the same principle as I have done 
with the Dolcoath great engine, and several more that are now 
altering. The expense of altering tlie engine, and forking the 
water to bottom, aad proving the mine, will not exceed 1000?. 

" jVI! the adventurers are very au>:ious to again resume their 
shares and make the trial, on condition that I will undertake 
the completion of the job at a certain sum, but not otherwise. 

"I am certain, from what Dolcoath engine is doiiig, that I 
can far exceed tlie power" above stated, and perform the duty 
with one-half the coal the engine consumed before, and \i'ould 
not hesitate a moment to engage the job on the terms they 
])ropose, ijut I have not money sufficient to carry it into execu- 
tion, as I must lay out a large sum in erecting the engiue on 
the Gwythian Mine, and unless I can be assisted with 500A, 
shall not be able to undertake the job. 

" If you think it worth your notice to encourage this under- 
taking by lending me the above sum for six months, I will pay 
you interest for it, and before drawing any part of it fi-om you 
would get materials ia the mine that should amount to above 

' Sco vul. ii. p. IIP. 
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I order < 



the adventureM'l 



t SUtU; 

repay you the whole sum before receiTing auy part myself. 

" As I have been a bankrupt, perhaps you may scruple on 
that ac-eount, but that business is finally settled, aod I have my 
certificate ; and indeed I never was in debt to any person ; not 
one shilling of debt was proved against me under the com- 
mission, nothing more than the private debts of my swindling 
partner. 

" At Wendrou we are working an engine lately erected on a 
copper lode, which has a very promising appearance, and near 
this spot you have land at Eesperson, where there is also a very 
kindly copper lode, which deserves trial ; if you are iucliued tu 
grant a sett, I think I can find adventurers to join me to try 
the mine. 

" 1 have lately read a letter from your hind, that the engine 
continues to mend ; it far exceeds my expectation. I am now 
building a portable steam-whim, on the same plan, to go iMr' 
from shaft to shaft ; the whole weight will be about 30 cwt, 
and the power equal to twenty-six horses in twenty-four hours. 
" The only difference in this engine and yours will be the lire 
in the boiler, and without mason-work, on accoimt of making it 
portable. I shall pass the rope from the fly-wheel round Uie 
cage of the horse-whim. 

" If you should fall in with any West India planter that stands 

in want of an engine, he may see this one at work in a mouth. 

which will prove to him the advantage of a portable engine, to 

^^ travel from one plantation to another. The price, completcJj 

^M finished and set to work, free of all expense, in Londoo, 1052^ 

^H " I am. Sir, 

^H " Your very humble servant, 

^1 "Rd. Tretit] 

^H " N.B. — Captain John Stephens informed me, 

^H since, that the lead mine at Newlyn was rich." 

H pan 



]&, 1052: 
few 1^^^ 



In Wlieal Prosiier Mine the first liigli-pressure ei- 
paneive steam-condensing poie-engine Lad been worked, 
just before the date of the foregoing letter, and that 
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evidence of increased power and economy was imme- 
diately followed by the application of the same prin- 
ciples of higli-pressure steam and very expansive work- 
ing to the Watt low-pressure steam vacuum engines at 
Wheal Alfred, Dolcoatli, and other mines, with such 
satisfactory results as to warrant his offering, on the 
battle-ground of his first attack on the Watt low-pres- 
sure steam vacuum principle at Seal-hule in St. Agues, 
foui-teen years before,' at his own pecuniary risk, to so 
apply those principles in the Wheal Liberty low-pressure 
steam-engine, which had failed to drain the mine, lift- 
ing only at the rate of 1880 gallons of water one 
fathom high at each stroke ; that it should lift an 
increased quantity of water, and that, too, from an in- 
creased depth, making the load equal to 5525 gallons, 
and to perform such increase of work with one-half of 
the quantity of coal before used ; in other words, he 
was willing to engage to make the old low-pressure 
steam-engine perform by its conversion into a high- 
pressure steam-engine threefold its original work, and 
also to increase its duty or economic value sixfold ; rest^ 
ing his argument on the similar changes, then to be 
eoen in operation at Wheal Alfred Mine, and especially 
in the Watt G3-inch double-acting engine at Dolcoath, 
whose history we have been tracing. Well might Sir 
Charles Hawkins hesitate to believe what tlie experience 
of sixty years has barely sufficed to make plain to us, 

« Captn. Trevithick, ■' rENZASCB, Marei, 2T(A, 1813, 

" Sir, — In consequeuot; of the oonversntion that has 
passett between you ami West Wbeal Tin Crol't adventurers, 
llie said adventurers liavo resolved to put an engine on that 
mine, agreeable to the [jroirasals offered by yon; that is, the 
engine sliall be capable of lilting a S-incb biiekpf 

' See vi'l. i.,ij. 30. 
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^H 4-feet stroke, 15 strokes per minute, or a duty equal tliereto ;■ 1^ 

^H wliich they will pay you 50 guineaH one month after tlie engine 

^H shall be at work, and 50 gumeas more at four months after that, 

^H and 50 guineas more at four months from that time, milking the 

^H full piiymeiit of 150 guineas iu nine months from the time the 

^H engine shall eet at work, the adventnrers paying all expense, 

^H except the engine materials, which shall be delivered on the 

^H mine. But in case the engine not performing the above duty, 

^H the adventurers to be at liberty to return the same engine, and 

^H you to pay back all the money that yon had received for the 

^H said engine, 

^M " Signed by Gabl. Blewett, 

^H " ill behalf of the Adventurers and Company." 

^H Trevitliick was willing- to spend more than his last 

^H penny in establishing the superiority of his Ligh-pres- 

^H sure steam expansive engines, but the selfishness of 

^M adventurers retarded their progress. The atmospheric 

^m mentioned by Watt a.s working in Dolcoath in 1777,' did 

^^ five or six millions of duty, yet in Trevithick's haiida, 

^H about 1798 to 1800, when he erected his globular lx>iler 

^M with internal tulie, one of them was tested with the 

^f ()3-inch Watt low-pressure vacuum engine, when the 
latter did sixteen millions to ten millions by the atmo- 
spheric engine, being nearly double the duty it pe^ 

^ formed In its original form; and we shall still tnu» 

W^ this same engine as Bonze or Gons until it increased to 

^K six times its first duty under the name of Stray Park 

H ()3-inch. 

H Trevitbick having erected a high-pressure steam ouh 

H . densing whim-engine atCook's Kitchen.^and inDolcoath* 

H a high-pressure piifier whim-engine, pleaded hard in 

H 1806^ to be allowed to supply the large pumping- engines 

^B of Newcomen and Watt with higher pressure steam from 



« vol. i., pp. 30, 57 ; vol. ii., p. 1 15. 

' See vol, ii., p. 142. 
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ills cylindrical boiler, uiiicK after years of consideration 
Dolcoath, in 1811, agreed to. In 1S13 lie wrote: — 
"Tliat new engine you saw near tlie sea-side with nio 
is now lifting forty millions, one foot high, with one 
Imsliel of coal, which is very nearly double the dnty 
that is done by any other engine in the county. A few 
days since I altered a 64-inch cylinder engine at Wheal 
Alfred to the same plan, and I think she will do equally 
as much duty. I have a notice to attend a mine meeting 
to erect a new engine, equal in power to a G3-inch 
cylinder single."^ 

The beneficial results of those acts are too large to 
be here entered into in detail. In round numbers, the 
early pumping engines of Newcomen did five millions;' 
Trevithick caused them to do ten millions of duty with 
a bushel of coal. Watt, during thirty years of im- 
provements, caused the duty to reach sixteen or twenty 
millions in 1800. Trevithick, on the expiry of the 
Waft patent, then came into play, and before he had 
reigned half the time of Watt, again doubled the 
duty of the steam-engine, as he states in 1813 "his 
new engine was doing forty millions, being nearly 
double the duty of any other engine in the county." 
These statements by Trevithick agree very nearly with 
the generally-received accounts of the progressive duty 
of the large pumping steam-engine. 

" In 1798 Davies Gilbert, Esq., and the late Captain Jeiikin of 
Trewoigie, found the average of tlie Boulton anil Watt engines in 
Corawall to be about Beventeen millions. In August, 1811, the 
eight engines reportetl averaged 15'7 millions, Ituring the 
year 1814 Dolcoath great engine, with a cylinder of 63 inches in 
diameter, did twenty-one and a half millions nearly. Dolcoatli 

- See Trevitljick's letter. January 2«th, 1813, vol. ii., 

* See vol. i., p. 41. 
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Shammal engine, with a cylinder of 45 inches in diatQeter,4 
twenty-six and tliree-qiiarter iiiilliDns. Dolcoath Stray Park 
engine, with a cylinder of 63 inches in diameter, did tliirty-two 
millions. 

" In 1815 a trial was made, to prove the correctness of the 
monthly rejKirta. Stray Park engine at Dolcoath was chosen for 
the puriwse, because its reported dnty was such as led some 
persons to entertain doubts of its accuracy. The trial wits con- 
tinued for ten days, to the full ^tisfaction of all concerned. 

"In 1816, JefErio and Gribhie erectod a new engine. T'i-inch 
cylinder, single, at Dolcoath, whit.' h did forty millions. This was 
the first instaTice of such duty having been performed hy an 
engine of that simple constrnction. 

"In 1819, Dolcoath engine performed the beat during ibis 
year, and at one time reached forty-eight millions. 

" In 1820, Treskerby engine, to which Trevithick'a high- 
pressure pole Iiad been adapted, reached 40"3 millions. 

" In 1816, Sims also erected an engine at AVheal Chance, to 
which he applied tlie pole adopted by Trevithick in his higli- 
pressure engines. This engine attained to forty-five mtlh'oDS. 

"In 1828 public attention had now been attracted to Ow 
inipruvementa which Captain Grose had introdaced into he 
engine at Wheal Towan. The duty of this engine, in the montli 
of April this year, equalled eighty-seven millions, 

" This again gave rise to Buspicions of error in the retone. 
This engine was accordingly subjected to a trial (as Stray PaA 
engine liad been in 1815), which was superintended and cofr 
ducted by many of the principal mine agents, engineera, mi 
jiitmen of other mines. 

" The quantity of coal consumed in 1835, compared with the 
quantity that would Iiave been consumed by the same engines in 
the same time, had they remained unimproved from tJie yew 
1814, shows that th^ saving to the county amovmte to 100,I)(W 
tons of coal, or 80,000^, sterling per annum." ' 

Lean seems to have calculated on a bushel of coal 
a« 94 lbs. In 1798, when Trevithick was nbout to give 
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increased pressure of steam to the Cornish engines, hja 
friend Davies Gilbert reported the average duty of the 
Watt engine in Cornwall to be seventeen millions. 

In August, 1811, the reported duty averaged 15 "7 
millions. This was the month and year in which 
Trevithick, after twelve years of working evidences of 
the reasonableness of his promises of increased power 
and economy From using bigh-pressnre steam, was 
allowed to eiect his cylindrical boilers for the large 
pumping engines in Dolcoath Mine. 

Has the reader realized that the 45-inch atmospheric 
Carloose engine, of nearly 100 years before,' had in 1775^ 
become the Bnllan Garden engine of Trevithick, sen., 
which was improved and re-erected by Trevithick, jun., 
in 17!10,^ when the name was again changed, this time 
to Shammal, because it was linked to another engine, no 
other than the Watt (i3-inch double engine? This 
Shamraal 45-inch took steam from the globular boiler, 
using a pole air-pump' and a Watt condenser, though 
retaining the beam with the arched bead and chain 
connection; and again in 1811 took still more highly 
expansive steam from the cylindrical boilers with a 
new beam and parallel motion, enabling it in 1814 to 
Ijeat its rival, the Watt Dolcoath great double engine." 
The old 63-inch Gons, under the name of Dolcoatii 
Stray Park engine, with Trevithick's improvements, did 
sixty-seven per cent, more work than the Watt 63-inch 
with an equal quantity of coal. 

This startling fact was disbelieved by the advocates 
of low-pressure steain, and as the visible change in the 
Dolcoath engine from Newcomen to Watt, and from 
Watt to Trevithick, had been gradual and not very 
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striking, anil the public were careless of principles, the 
one most piifted was most thought of; but the money 
saved was tangible, and in 1815 a special trial was 
made, which lasted two days, to discover if it was reallr 
true that Trevithick'a appliances could so increase the 
duty of the engine. The 63-inch cylinder, then called 
Stray Park engine, was selected ; the result proved that 
the large saving reported from Trevithick's boilers anJ 
expansive working during the last three or four years, 
was an incontrovertible fact. 

The high-pressure steam was also given to the de- 
feated Watt 63-inch double engine; yet this newest of 
the three engines was the first to be condemned, anJ 
lier place was taken in 1816 by an engine of 76 inchc 
in diameter, wliicli Trevithick promised should, wilii 
liis high steam and new expansive gear, do the work 
of the Watt 63-iiich and the old -IS-incb put together; 
wliicli was more than fulfilled by its doing forty mil- 
lions, and, as Lean says, " was the first instance of euoii 
duty liaving been performed by an engine of that dmpte 
construction." 

In 181!t the new 76-inch engine which had been 
erected by the mine engineers, JeSrie' and Gribble,wln> 
had long been employed by Trevithick in DoIcoaUi, 
was the best in the county, doing forty-eight millionSt 
nearly three times the duty as given by Mr. Gilbert for 
the Watt engine in 1798. In 1827 Trevitluck'B pupil, 
Captain Samuel Grose, erected his Wheal Towan engine, 
which performed a duty of eighty-seven millions, aome 
of the working drawings of wliich were made by the 
writer. In 1835 tlie principle laid down by Trevithick 
had become so general in the county as to cause a saviop 



' See vol. i., p. lOe. 
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to the Coniish mines, in cnal alone, of 80,000/. yearly. 
In addition to this, the increased power of the engine 
lessened the first cost hy at least one-lialf. 

Tlie national importance of such weighty facts calls 
for further corroborative proof, for we can scarcely 
believe that two atmospheric low-pressure steam-engines, 
made before the time of Watt, could be altered so as to 
perform more work, and at a less cost than the Watt 
engine, by an ingenious supply of higher steam pressure 
from Trevithick's boilers, together with the Watt air- 
pump and condenser. The following words from Watt 
are descriptive of his practice, though contrary to his 
patent claim : — - 

"At a very early period, while experimenting at Kinneil, ho 
had formed tlie idea of working steam expansively, and altered 
liis model from time to time with that object. Boulton had 
taken up and contiuued the experiments at Soho, believing the 
principle to be soiiml, and that great economy wrrnld attend ile 
adoption. 

"The early engines were accordingly made so that the steam 
might be cut off before the piston had made its full stroke, and 
expand witliin the cyb'nder, the beat otitside it being maintained 
by the expedient of the steam-case. ■ But it was shortiy found 
that this method of working was beyond the capacity of the 
average eugiiiemen of that day, and it was consequently given 
up for a time. 

" ' We used to send out,' said Watt to Robert Hart, ' a cylinder 
of double the size wanted, and cnt off the steam at half-stroke.' 

" This was a gif at saving of stciim, so long as the valves 
remained as at firat ; but when our men left her to the charge of 
the person who was to keep her, he began to make, or try to 
make, improvements, often by giving more steam. The engine 
did more work while the steam lasted, but the boiler could not 
keep up the demand. Then complaints came of want of steam, 
and we liad to send a man down to see what waa wrong. 

"This was so expensive, that we resolved to give UD 
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expansion of tlie sk-iim nulil we could get men than coalil-4 
it, as a few tons of coal per year was less expensive tlian hftvin^ 
the work Btopjied. In some of the mines a few hours* stuppagie 
waS a serious matter, as it would cost the proprietor as much as 
70/. per hour." ' 

Pole expresses the same view, intimating; that Watt 
only iiised steam of 1 or 2 llw. pressure to the inch. 

" In Watt's engme, as is well known, the pressure of steam in 
the hoiler very little exceeded the pressure of the atmosplumt. | 
He recommended that when the engine was underloaded, tUt 
excess should he equal to about I inch of mercury ; and vha 
full loaded, ought not to exceed 2 inches ; adding, ' It is aerer 
advisahle to work with a strong Bt«am when it c»n be avcdded. 
as it increases the leakages of the boiler and joints of the steao- 
case, and answers no good end.'* 

" Mr. Watt's engines with such boilers " (which will not 
retain steam of more than 3i lbs. per square inch above tk 
atmosphere) " cannot be made tq exert a comjietent power In 
drain deep mines, unless the supply of steam to the cylindei 
is continued until the piston has run through more than half iB 
course.^ 

" In 1801—2 Captain Trevithick erected a liigh-presBUie 
engine of small size at Marazion, which was worked by st««ni 
of at least 30 Iba. on the square inch above atmospheric pressnre. 
In 1804, as Mr. Farey admits,* the same gentleman introdoml 
his celebrated and valuable wrought-iron cylindrical l>oileR,'tuw 
universally used in this county. 

" To these, everyone at all acquainted with the Corasli 
improvements ascribes a great part of the eavinjr we iuTx 
obtained. This will further appear from an extract from « 
valuable work edited by John Taylor, Esq., F.R.S.' 

" The monthly con8urai)tion of coal in Dolcoath iUue intt 
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in 18II, CS)12 bushels; in 1812, 4752 bushels.^ The alteration 
in the boilers was the iiitroiluclion of Captaiu Trevithick'a cylin- 
drical boilers in the place of the common waggon boilers, whicli 
bad until then been there iu use. 

" 3rr. Woolf, as Mr, Fiirey states, came to reside in Cornwall 
about the year 1813, and his 'first engines for pumping water 
from mines were set up by lum in 1814.' "'' 

The foregoing was read at the Philosophical Society 
in 1831, to refute erroneous statements on the "Watt 
and Trevithick engines. My frieud Mr, Heuwood had 
at that time made officiiil experiments in conjunction 
with Mr. John Kennie on the detail, working, and duty 
of high-pressure steam Cornish engines, the Watt low- 
pressure 8team principle having been wholly given 
up. Rees's ' Cyclopaedia ' ^ also bears the following 
similar testimony to date of the increased duty : — 

" Trevithick'a high-pressure engine was erected in Wales iu 
1804 to ascertain its powers to raise water. The duty was 
seveiiteen mllliuns aud a half poauds raised one foot high for 
each bushel of coals. 

" Tho high-pressure stoam-engineB require a greater quantity 
of coals, in proportion to the force exerted, than the engiue of 
Mr. Watt, and consequently are not worked with advantage in 
a situation where coab are dear, 

" From the reports of tlie engines now working in the mines 
of Cornwall, which, with the exception of a few of Woolfs 
engines, are all on Mr. Watt's principle, and most of them con- 
structed by Messrs. Boulton and Watt, taking the average of 
nine engines — bad, good, and iiidiffereut together — they were 
found in August, 1811, to raise only thirteen millions and a half. 
But when it was known by the engine keepers that thtir engiiiea 
were under examination, they took so much paius to improve the 



' AlWration in tiic bailers tbat 
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effects, that by gradual increase the engines in 1815 lifted 
twentynane millions and a half, takiug the average nf thirly-three 
engines. In 181(i, Stray Pork, a 63-inch cylinder, 7 feet 9 iudies 
stroke, single-acting, being one of the tliree engines on the vast 
Dolcoath Mine ; its [terformance in four different nioiitlis K&i 
thirty-one, thirty-one and a quarter, twenty-eight, and twenty- 
eight and a half millions," 

This statemeut reveals a source of error in estimating 
the relative values of the Watt and the Trevithick 
eugine ; that of the latter was the Welsh locomotive, 
compared in duty with the large Watt pumping engine, 
jwinted out in Trevithick'a letter' of that time, as an 
unfair comparison ; the small high-pressure puffer, in 
1804, is admitted to have done seventeen and a half 
millions of duty with a bushel of coal of 84 lbs., while 
in Rees' calculation of the engines, he g'lves Watl 
!I4 lbs. of coal to a bushel ; and having stated that tht- 
AVatt pumping engincB in Cornwall, in 1811, averaged 
lint thirteen and a half millions of duty, draws tbe 
false conclusion that the high-pressure cannot com- 
jiete with the low-pressure where coals are dear ; yet 
he agrees with other writers that the great increase in 
the duty of tho Cornish pumping engines commencei 
from 1811 (when Trevithick first gave them bis higli- 
pressure steam); and states that in 1816 the Stray 
Park ()3-inch cylinder single-acting engine,^ being one 
of three then working in Dolcoath, did thirty-one 
milHons. 

The ' Encyclopiedia Britannica' on the question of 
duty states : ^— 

"The duty of the best of Sracaton's engines was, in 17T2, 
!»,450,000 foot pounds per cwt. of coal. On the expiration of 
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Watt's {>atent, about tie year 1800, the highest tluty of his 
t^ngiuea amounted to twenty millions, or more than double the 
former duty, which may represent the economical value of the 
improvement efTected by Watt under his various patents. 

" The reported duty of Cornish pumping engines, by the con- 
sumption of 94 lbs. of coals, rose from an average of nineteen 
millions and a half, and a maximum of twenty-six milliona in 
1813, to an average of sixty millions and a maximum of ninety- 
six millions in 1843. It is necessary to bear in mind the dis- 
tinction between the duty of a bushel of coal and 112 lbs." 



Here, also, are tlie same general facte as to the duty 
of the Watt engine, and the marked and rapid increase 
of duty dating from Trevithick's Dolcoatli engines in 
1811 ; but the confusion and even contradictions in the 
statements prove how little the subject was understood. 

" A rough draft, prepared by llr, Edmonds on Trevithick's 
return from America, dated IS'ZS, for an application to Parlia- 
nient for remuneration to Trevithick, says, ' Tliat tliis kingdom 
is indebted to your petitioner for some of the most imjjortant 
improvements that have been made in the steam-engine. 

" ' That the duty performed by Messrs. Boulten and Watt's 
improved steam-engines in 1798, as appears by a statement 
made by Davies Gilbert, Esq., and other gentlemen associated 
for that purpose, averaged only fourteen millions and a half 
(pounds of water lifted 1 foot high hy 1 bushel of coal), 
although a chosen engine of theirs imder the most favour- 
able circumstances lifted twenty-seven millions, whit^li was the 
greatest duty ever performed till your petitioner's improvements 
wore adoptefl, since which the greatest duty ever performed has 
been sixty-seven millions, being muoli more tlnm double the 
former duty. That, prior to the invention of your petitioner's 
boiler, the most striking defect observable in every steam-engine 
was in the form of the boiler, which in sJiape resembled a tilted 
waggon, the fire being applied under it, and the whole being 
surroundeil with masun work. That sut-h shajied boilers weiv 
incapable of supportuig steam of a high pressure or tcnipcratun', 
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and did not admit so much of the water to t!io action of the fire 
as your petitioner's boiler doe^, and were also in other respecU 
attended with many disadvantages. That your petitioner's inven- 
tion consists principally in introducing the fire into the mide'tcif 
the boiler, and in making the boiler of a cyliiidriMl furm, wlucli 
IB the form best adapted for sustaining the pressure of liij^h 
steam. 

" ' That the folloning very important advantages are derireil 
from this your pftitioner's invention. This boiler does noi 
require half of the materiolti, nor does it occupy half the s^tce 
required fur any other boiler. No mason work is necessary to 
eneircle the boiler. 

" ' That, had it not been for this your petitioner's iuventioo, 
those late vast improvements which have been made in the ase 
of steam could not have taken place, inasmuch as none of lliw 
old boilers could have withstood a pressure of above 6 Iba. to the 
inch beyond tlie atmosphere, much less a pressure of fiO llw. to 
the inch, and is capable of standing a pressure of above 15U 11* 
to the inch.' " 

Trevitbick's retrospect views of 1828 are supported 
by the letter of the late Michael Williams, M.P^ tlie 
most experienced of CorniBb mine workers, but belong* i 
mg to the eiistern district that bad been fof many yean 
the users of the Watt engines in Cornwall. 

" In reference to his great improvements in the tAetta- 
engine, I hare a more particular recollection, and can con- 
fidently aflirm that he was the first to iiitroduee the high- 
pressure principle of working, thus establishing a way to the 
present high state of efficiency of the steam-engine, and forming 
a new era in the history of steam power. To the nse of hig-L- 
pressure steam, in conjunction with the cylindrical boilers, alw 
invented by Mr. Trevithick, I have no hesitation in saying that 
the greatly-increased duty of our Cornish pumping engines, 
since the time of Watt, is mainly owing ; and when it is reail- 
lected that the working power now attained amounts te double 
or treble that of the old Boulton and AVatt engine, it will be ol 
once seen that it is impossible to overestimate the benefit cou- 
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fiTred, either directly or indirectly, by the late Mr. Trevithit-k 
r)n the mines of this courjty. 1 have often exiiressed my opinion 
thut he was at the same time the greatest aud the worst-used 
luan in the county." ' 

The late Sir John Reniiie iind other scientific persons 
were, about 1830, associated with Mr. Henwood^ in 
examining the work performed hy Cornish pumping 
engines : their reports are curtailed in the following 
comments on Wheal Towan engine, similar to Trevi- 
thick's Dolcoatli engine of 1816, except perhaps that 
the last named was a little inferior in its detail move- 
ments, while much less care was taken 
to avoid unneeesBary loss of heat. 

Mr. Henwood also gave indicator 
diagrams of the expansion of the 
steam, on one of which the writer 
has marked ten horizontal linea, in- 
dicatingthe position of the piston at 
each foot of its etroke, and ten longi- 
tudinal lines dividing the diameter of 
the cylinder into tenths. The steam 
pressure in the boiler was 46 " 8 lbs. 
on the square inch above the atmo- 
sphere, or 4 '08 lbs, for each of the 
ten longitudinal line divisions, x to 
c represents tlie top of the steam- 
cylinder 80 inches diameter ; a; to 
F the length of tlie cylinder for a ^to" i"* p?"o" e^cb^ 
10-feet stroke of the piston. By the """"' 
time the piston had moved through one-twentieth of 
ils course, reaching c, the expansive working had com- 
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menced; aud wiieri oue-teuth of the stroke liad 
run, half of a division was cut off, sliowiug by tlie 
curved indicator line the decrease in pressure of steiim 
to 44*46 lbs. The comparatively small passage through 
the steam-valve not giving room for sufficient steam to 
follow up the increasing speed of the piston, led to its 
continued ex|)anBion in the cylinder, aud by the time 
the piston had moved 2 feet, reacliing D, the steam 
pressure was reduced by two divisious or 9"3tj llis., 
or a pressure of 37 '44 lbs. on the piston ; at this poinl 
the steam-valve was closed, and tlie remaining four- 
fifths of the stroke was performed by exiiausion; M 
the fifth horiiiontal line, or middle of the stroke, onlj 
three divisions of steam are left, giving a pressure <i 
14*04 lbs. to the inch; at the finish of tlie stroka 
there is only half a division, from E to F, or 2 "34 Iba. 
of steam to the inch above the pressure of the atmo- 
sphere. On tlie return up-stroke of the piston, when il 
had reached within a foot of the finish of its course at C> 
the equilibrium valve closed, causing the enclosed st^uu 
of 2 '34 lbs. to the inch to be compressed at the finiBb 
of the up-stroke shown by the curve Gr A to 9*36 lbs. ot 
the inch, equal to its pressure about the middle of the 
dowu-stroke at N. 

Trevithick's expansive engine therefore, comuieucing 
its work with steam of 4(}'8 lbs. on the inch above the 
atmosphere, only took a full supply from the boiler during 
one-teuth of its stroke, and none after one-fiftli had been 
performed, while at the finish of the stroke it bad about 
the same pressure as Watt began with. 

The power of the Watt low-pressure steam vacuim 
pumping engine was increased by Trevithick from two 
to three fold, and its economical duty in about the snim 
jiroportion; in other words, he increased the eflective 
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power of the et earn -engine two or three Ibid without 
additional consumption of coal. 

In the Wheal Towan engine the steam-cylinder 
was 80 inches in diameter, with a 10-feet stroke. The 
Bhaft was 000 feet in depth ; the main pumps 16 inches 
in diameter ; the pump-rods were of wood, about 
14 inches square, and weighed more than tlie column 
of water in the pipes. The boilers were Trevithick's 
cylindrical with internal tube, wholly of wrought iron. 
The cylinder and steam-pipes were surrounded with 
sawdust about 20 inches in thickness, as a non-con- 
ductor of heat. The upper surfaces of the boilers were 
covered with a layer of ashes for the same purpose. 
The duty performed was 8(i"58 millions of pounds of 
water, raised one foot high by tlie consumptiou of a 
bushel of coal weighing 84 lbs. The immense power 
and economy of this engine are best imderstood by its 
average labour costing only one farthing in coal for 
lifting 1000 tons one foot high. 

At or about that time an old intimate of Trevithick's, 
Captain Nicholas Vivian, managed the mine, and Mr. 
Neville, a shareholder, also a uaer of steam-engines in 
Walas, observing the economical working of "Wheal 
Towan high-pressure steam expansive engine, doing 
eighty-seven millions, requested its manager to examine 
colliery engines, all of which were of the low-pressure 
kind ; one of them was a Newcomen atmospheric, 
whose duty was six millions; four or five others were 
Watt low-pressure steam vacuum engines, doing four- 
teen millions; therefore the high-pressure steam-engine 
did six times as much work with a bucket of coal as the 
low-pressure steam vacuum, and fourteen times as much 
as the low-pressure steam atmospheric engine. Peveni 
competitive trials by the county enginet'rs wore piib- 
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lislied about that time, iu one of whicli, after a pel 
examination of tlie engine, Mr. W. J. Henwood' aii'l 
others reported a duty of 92 'G millions with a 01-lh. 
bushel of coal.* 

Mr. Rennie had been a pupil, a fellow-worker wi'tli 
low-pressure Watt, and while bis son, Sir John Rennie, 
was examining the high-pressure steaui expansive 
engine erected by Trevithick's pupil. Captain Sanmel 
Grose, under the management of Trevithick's friend. 
Captain Nicholas Vivian, tlie latter was engaged in 
reporting on certain low-pressure steam-engines iu 
Wales, one of which was a Newcomen's atmospheric, 
probably the last of its race, whose principle of con- 
struction was a century old, working iu company witi 
the Watt low-pressure steam vacuum engine, then half 
a century old, the principles of both systems being on 
their last legs, and under the care of Trevithick's 
supporters. 

During this jumble of engines, old and new, withont 
a clear comprehension of their differences in principle, 
Trevithick, who had just returneil from America, and 
lived within a few luilee of Wheal Towaii, looked on 
uneonsulted and uucoiicerned on questions which in liis 
mind had been settled by him in Dolcoath fifteen or 
twenty years before. The writer, during the WLeal 
Towan controversy, was the daily companion of Trevi- 
thick, and made drawings of the engine at the works 
of Harvey and Co., of Hayle, where it was constructed 
about 1827. 

Captain Samuel Grose's Wheal Towan engine was 
in general character similar to his teacher's Dolcoalh 
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76-inch eng'iiie of 1816, working witli about the same 
steam pressure and degree of expansion. The valves, 
gear, and nozzles were perhaps improved in detail ; but 
the groundwork was unchanged. The first high-pres- 
sure steam Cornisli pumping engine made in France 
was designed and superintended by the writer at the 
works of Messrs. Perrier, Edwards, and Chaper, at 
Pompe-ii-feu, in Chaillot, a suburb of Paris. The prin- 
ciple was Ihe same as the Dolcoath engine, and the 
detail differed but little from it or the Wheal Towan, 
except that its exterior was a little more artistic than its 
prototypes in Cornwall, in keeping with French require- 
ments. It was built in 1836, within a few yards of the 
low-pressure steam pumping engine erected by Perrier 
and others in 177St, which still continued pumpingwater 
from the Seine for the supply of Paris. Stuart says, 
" An eugine by Boulton and Watt was sent to France, 
and erected by M. Perrier at Chaillot, near Paris. The 
French engineer, Proney, with a detestable illiberality, 
attributes all the merit of the improvements in the 
Chaillot engine to his friend Perrier, the person who 
merely put together the pieces he had brought from 
Soho.'" 

The Perrier of 1779 was related to tiie Perrier of the 
Pompe-a-feu engine-building works of 1836, and his 
nephew took the Trevithick engine from Paris to a coal 
mine not far fi-om Brussels, but not fully understanding 
the use of the balance-bob — ^the woodwork for which bad 
not been completed in Paris, though all other parts had 
been fully erected — did not fiud it easy to manage the 
engine. The writer viewed Perrier'e move as an in- 
fringement of the agreement between him and Edwards, 
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of Perrier and Chaper, and then 



declined to take any further interest in the engine. 

Mr, Edwards had before that been a partner with 
Woolf, in a smuli engineering works in Lambeth ; and 
the writer had also before that been a pujiil of Woolfs. 
in the works of Messrs. Harvey and Co., of Havle. 

The drawing of ' La lielle Machine ' (Plate SIIL), of 
1836, serves not only as a record of that time, but also 
in conjunction with the drawing of Dolcoath engine of 
ISlfi, enables an engineer to form a eufficiently correei 
idea of the Wheal Towan engine and boilers of 1827, 
which in effective duty is scarcely excelled by the liest 
pumping engines of the present day. 

The events connected with those Paris engines bring 
together the engineering works of Watt, Proney, Pe^ 
rier, Trevithick, and Woolf, in the person of bis once 
partner, Edwards. The writer, when constructing 'La 
Uelle Machine,' had not the slightept knowledge of 
those links, and heard the name and repute of his 
engine by the following chance : — 

In 1838 a passenger leaving the train of the Great 
Westeni Railway at Drayton Station, asked the writer's 
permission to walk on the line and examiDe its con- 
struction. Utiring a short conversation he mentioned tbe 
having purchased at a sale in France the drawings ot 
an engine known as ' La Belle Machine,* repreaentiiig 
the Cornish high-pressure expansive steam pumping 
engine :—a, steam-cylinder, 48 inches in diameter, 8-feet 
stroke ; b, steam-pipe from boiler; c, regulating steanh 
valve, double beat ; d, regulating rod and liaudle ibr 
Bteam-valve ; e, expansive steam-valve, double beat; f, 
balanced lever and rod for opening expansive valve; i^, 
expansive clamp on plug-rod, with regulating rod and 
thumb-screws; k, cataract-rod for relieving expansiw 
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■catcli ; i, quadrant relieving the catch ; j, pliig- 
t, equilibrium valve, double beat ; I, clarap in plug- 
rod to close equilibrium valve by its action on the handle; 
m, balanced lever and rod to open equilibrium valve ; n, 
quatlrant and catch relieving equihbrium valve by the 
action of cataract-rod ; o, regulating elide on cataract- 
rod ; J}, equilibrium steam-pipe conveying steam from 
the top to the bottom of the piston ; q, exhaust-valve, 
double beat ; r. clamp on plug-rod, closing the exhaust- 
valve by its descent on tbc handle ; s, balance lever and 
rod, opening exhaust-valve; t, quadrant and catch, re- 
lieving equilibrium valve by the action of catiiract-rod ; 
«, regulating slide on cataract-rod ; i\ exhaust-pipe to 
condenser ; w, Y-posts for carrying the gear. Tho 
steam in the boiler waa from 40 lbs. to 50 lbs. on the 
square inch above the atmosphere. 

Lean states that had the pumping engines at work in 
Cornwall in 18.'i6 remained unimproved since 1814, at 
which time they had benefited by three years of con- 
tinuous improvement, a yearly additional expenditure of 
80,000^. for coal would have been the consequence, and 
that tho first step was Trevitbick's expansive steam from 
the cylindrical tubular boiler, engin&s using sucli steam 
performing a duty three or four fold what Boulton and 
Watt had ever attained, or perhaps thought possible 
of attainment.' The birth of the idea of using expan- 
sive steam may in truth bo traced back nearly one 
liundred years fo the time of Newcomen's atmospheric 
engine, and the hope expressed in 1746 of a smaller 
boiler and more elastic steam" was partially realized 
in the engine and boiler of Trevithick, sen., in Bullan 
Garden in 1775, followed in 1780 by the competing 

' Sec Lata's Uialoricnl Stntement, p. 154; piihli»hecl 1B39. 
* Bee vol. i., p. 7. 
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engine erected by Watt in DolcoatU Mine, iindtir 
Trevithick's management. Little further cljange"wa« 
made until 1799, when the globular boiler and internal 
tube of Trevithick, jun., gave a second start to the 
use in large engines of more expansive steam ; and 
even this partial move was the result of years of 
thought and practical experiment; for in 1792, when 
twenty-one years of age, he was the elected judge on a 
competitive trial between the Watt engine at Seal-hole, 
patented in 1782, and Hornblower's double-cylinder 
engine at Tin Croft. Each engine performed a duty (if 
ten millions, both of them were called expansive, wliib 
in fact neither of them were so, for the pressvire of the 
steam in the boiler did not admit of it. As Lean aavi, 
"As the steam used was raised but little aljove the 
pressure of the atmosphere, it was found that the power 
gained did not compensate for the inconvenience of a 
more complicated and more expensive machine." Or, 
as Watt said to Robert Hart, " We resolved to give np 
the expansion of the steam until we could get mes 
that could work it," as he found it more costly thiB 
profitable. Again in 1708, Trevithick's own writing 
records his experiment in Dolcoath between the BiUlan 
Garden 45-inch atmospheric engine and the Watt 63* 
inch great double-acting engine, when the latter did 
sixteen millions to ten millions hy the atmospheric. Al 
that very time he was constructing his high-presBure 
steam portable engines, and in the following year, 
after seven years of most active experience, prompttd 
by the Watt lawsuit against Cornish engineers, ba 
in 1799 gave the beaten 4r)-inch engine steam of 
a higher pressure from the stronger globular boiler. 
People, following the ideas of Watt, were still afraid of 
Trevithick's plans, distinctly laid down in his letters of 
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180(3. rtcommemlinf;!; a cylindrical boiler for the Dol- 
coatli pumping engine, because similar boilers giving 
steam to liis wliim-eiigines have enabled them to heat 
the Watt whims. This coiitiniioi.! niitil 1810, when the 
greatly -inci'eased power iuid economy of the high- 
pressure expansive steam pumping engine at Wheal 
Prosper caused the neighbouring Dolcoath in 1811 to 
give Trevithick's plans free scope. The long smoulder- 
ing rivalry between low and high pressure, on the eve 
of the final discomfiture of the former, burst forth in 
loud words and evil prognostications, causing the 
miniug interest of Cornwall to appoint an examiner 
who should publish monthly the duty performed by the 
various pumping engines, the first of which appeared in 
the autumn of 1811, when Trevithick was building his 
boilers in Dolcoath, and preparing the engines, as far as 
was possible, to submit to strong steam. By expansive 
valves and suitable gear, balance of power between the 
engine and the pump-work necessitating balance-bobs, 
strengthening the pit-work to bear the more powerful 
and sudden movement, and fifty other things, which 
we know must have ]iresented themselves in such 
work, occupied the greater part of Trevithick's time 
from 1811 to 1814. Tliat first report enumerates 
twelve pumping engines, probably all of them Watt 
engines, averaging a duty of seventeen millions. 

We have before traced the rapid and immense 
increase in the power and in the duty of Cornish 
pumping engines from 1811, and it may be taken as 
comparatively true in the larger sense applying to the 
improvement of the steam-engine everywhere. 

Dolcoath Mine, one hundred years ago, under the 
management of Trevithick, sen., followed by his son as 
the strong-steara engineer, and by his grandson as one 
VOL. II. 
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of the committee of management in these modern 
times, has served during that long period to illustrate 
the progress of the steam-engine, and still in active 
operation, was thus spoken of in * The Times ' of Dec. 
18th, 1871 : — *' This old and extraordinary mine is now 
raising about 100 tons of tin every month, worth from 
8000/. to 9000/." 
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[noiigli dmft.] 



;, " CiMBORKE, May 20<A, 1813. 

" Yours of the 7tli inst. I should have auswered by 
return, as requested ; but aa unexperrted circiinistauce pre- 
vented my being at Swausea as early as proposed, wljieh, as it 
happens, best suits your purpose as well as my own. I shall 
not be able to be there within tiventy days from this time, of 
which I will give you timely notice. I hope before that time 
Mrs. Rastrick will be safe out of the straw. I have been detained 
in consequence of a strange gentleman calling on me, who 
arrived at Falmouth about ten days since, from Lima, in South 
America, for the sole purpose of taking out steam-engines, 
pumps, and sundry other mining materials to the gold and 
silver mines of Mexico and Peru. He was recommended to me 
to furnish him with mining utensils and mining information. 
He was six months on his passage, which did not agreo with 
bis health, and has kept his bed ever since he came on shore ; 
but is now much recovered, and hopes to be able to go down in 
the Cornish mines with me in a few clays. I have already un 
order from him for six engines, which is but a very small part 
of what he wants. I am making dravn'ngs for you, and intend 
to be with you as soon as they are fiuished. Money is very 
plentiful with him, and if you will engage to finish a certain 
qaautity of work by a given time, you may have the money 
before yon begin the job. The West India engine will suit his 
purpose. I shall have a great deal of business to do with you 
when we meet. In the meantime please to forward the thrash- 
ing engines to Cornwall as quickly as possible. The engine for 
Plymouth will be put to break the ground as soon as I can find 
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time to go up tbere. Please to say when and by what i 
shall have the small engiues. 

" I remain, Sir, 

" Your ^erv obedient servant^ 
«B.-3 
"To Mr. John IMUsthick, 
" Ilndgtnoiih, S/irc/'ifiire, 

"The copper mine mentioned in my last is improving J 
fast." 

The strange gentleman leterred to was Don Francisco 
Uville, a person of great influence in Limn, who a year 
or two before haJ travelled from Peru to England and 
back, in searcli of steam-engines to pump water from 
the ancient gold and silver mines then flooded and idle. 
Boulton and Watt, at Soho, on being consulted, dis- 
couraged the attempt, because of the difficulty of con- 
veying heavy machinery over mountain pathways, ani 
also l>ecauMe their low-pressure vacuum engine, using 
steam but slightly above atmospheric pressure, would 
be much less effective in the comparatively light atmo- 
sphere on the high summits of the Cordillera Mountains 
than in England. Uville, who had heard of the 
wonderful ability of English engineers to construct 
steam pumping engines, was utterly downhearted at 
this decision of the great Soho engineers, and while 
dejectedly wandering throTigh the streets of Loutlon. 
unconsciously gazed into the shop window of Mr. Roland 
in Fitzroy Square, near the spot on which Trevithick 
had run his railway locomotive three years before.' 
Ruraoui" of passed events may have led him to visit the 
ground on which had worked a new kind of steam- 
engine. Uis searching glance discovered among nume- 
rous articles for sale, an unknown form that might be 
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the talieman lie had travelled thousands of miles in 
search of. The fihopkeeper informed him that it was a 
model of Richard Trevithick'a high-pressure steam- 
engine, wliich worked without condensing water, or 
vacuum. If wtiat he heard was true, why should it 
not work equally well in the light atmosphere of the 
mines? The great engineer at Soho might he in error 
or ignorance, Tlie experiment, as a last resource, was 
worth making. Ho would pay the 20^. for the model, 
carry it to the mines of Cerro de Pasco, in the high 
mountains alrove Lima, where, if it worked as well as it 
did in London, the rich mines of Peru would again 
reveal their long-hidden treasure. The model was 
conveyed by ship to Lima, and then on a mule up 
the iian-ow precipitous ascents to Cerro de Pasco, over 
mountains more than 20,000 feet high. Fire was 
placed in the small boiler as be had seen it done in 
London, and with the same result, to the great joy of 
Uvilie, who determined to revisit England in search 
of the inventor of this now and wonderful power. On 
his return voyage, when rounding Cape Horn, bets 
were madfe on the chances of his finding the man 
■who had invented the high-pressure steam - puffer 
engine,' and of his being able to persuade such a person 
to make the required engines and accompany them to 
Peru, Such gloomy forebodings ended in an attack of 
brain fever. The vessel touched at Jamaica, where 
Uvilie was landed. On recovering health and strength 
lie embarked for England in one of the packet-ships, 
and during the voyage still spoke of the object of his 
search, A fellow-traveller, called Captain Teague, 
rejoiced him hy saying, " I know all about it ; it is the 
easiest thing iu the world. The inventor of your high- 
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pre.*8ure ste;ira-engine is a cousin of mine, livings wilhin 
a few railea of Falmouth, the port we are bouml for." 
On landing, Uville, still weak and obliged to keep his 
bed, ivas told tliat Trevithick, the engineer, lived in 
Ijondon, and was constructing the Thames Tunnel; bm 
further inquiry showed that he also bad stiffei-ed fixim 
brain fever, and bad just returned to Penponds, only a 
few miles from Falmouth. Ou the 10th of Mav, 1613, 
a letter reached Trevithick, reque^^ting bim to visit the 
sick Uville, ami in a fortniglit from that time the en- 
g:ineer had mastered the reipireraents of tbe Peruvian 
mines, and bad designed and made arrangements for 
tbe supply of six pumping engines, together with tJw 
pumps and all things necessary for the TindergroiinJ 
workings; tlie whole to be delivered in foui- months. 




[U'.ntgh draft.] 

" Sir, ■■ <'ambobse, Xfdy 22t.'/, wis. 

" I have engaged to get six engines, with pit-work, &i.\ lo 
send abroad. A great j«rt of the wrought-iroii work snd the 
boilers I Lave arranged fur in Cornwall. These engines mil be 
liigli-presBiire engines, bp<-aiise the jilaoe tliey are for has a rerr 
deep adit driven into the mountain ; and lifting condtmsing 
water to the surface h onld be a greater load than the whole irf 
the work under the adit levd. 

" I call a set of work, a ^4-inch cyHuder single engine, Med 
stroke, piston, cylinder bottom, single nozzle, with two 5-iiici 
valves and perpendicular pipe ; no cylinder top ; the piston-mi 
not to be turned ; 3-inch safety-valve, tire-door, two Btnill 
Y shafts and gear-handles, &c. ; a good strong wluch set in > 
broadish frame, sucli as is often used on quays or in qaanie^ 
25 fathoms of 12-iuch pumps, a 12-inch plunger, an ll-inch 
working barrel, clack -seat and wind-bore, with brass boshes and 
clacks, a force-pump for the boiler, and 10 fathoms of 3-inch 
pij)es to carry the water to and from the engines. I haw 
engaged to supply six fiill sots of the above-mentioned mAtemU 
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" All these castings must be delivered in Cornwall in four 
months from the- time the oidera are given; therefore, if you 
take the job, or any part of it, you must enter into an engage- 
ment to fulfil it in the time. As there ought not to be a 
moment lost, I wish yon to answer me immediately in what time 
you will deliver those materials in Cornwall ; or otherwiiys, what 
part of them you ean execute in the time. 

" I am making the drawing, which will be ready before I can 
receive your answer. For whatever pai-t of the job you may 
engage I will lodge the money to pay for the whole in Mr. Fox'3 
iiands, which will then be paid for before yon begin the work, oa 
Boon as you execute the agreement. 

" R. T. 

"Mh. pE\r,n.LY, Neith .\hhi-ij, So-lh U'.il',.- 

It is an odd coincidence that while writing of tlie 
events ot" fifty-eight years ago, pumping engines are 
being eent to those same mines witli the steam-cylinder 
in twenty-two pieces, no piece to weigh more than 
300 lbs. — a facility in mechanical arrangements not 
enjoyed by Trevithick — havinp Trevithiek'e high-pres- 
sure boilers, giving steam of 50 Ihs. on tlie inch.' 

" Sir. -fAMBOHSK, Jmc ••„il, 1813. 

" I drop yim this note just to inform you that 1 have 
begun your job. Yesterday 1 engaged a great many smiths and 
boiler-builders, who set to work this morning, I have alsu 
engaged all the boiler-plates in the county, vvliich will be sent 
to-day to the different workmen. The master-smiths that I have 
engaged are the best in the kingdom. I have obligated them 
to put tiio best quality of iron, and to be delivered at Falmouth 
within four months, I have been obliged to give tliem a greati'r 
price than I expected, otherwise they would not turn aside their 
usual bnsinerit emplojTneut for a short job of four months. 
" Mr, Teagne is with me, and one other, assisting about the 
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drawings. If you call at Camborne aljoat Friday, shall 
to eliow you tLo Jcsigna. The drawings for the castings will be 
Bent to the iron-fountlerg by the eD<l of this week ; and hy tbe 
end of next week shall have the w)iole of the differeut trad«fi- 
men in full employ. If yon wish to have a greater quantity of 
miicliiuery ready by the end of September, there ought to be &9 
little time as possible lost in giving your orders, 1 can get yiw 
double the quantity, provided you give tlie orders in tiuie^ 

"As soon as it is convenient to you to arrange the payments 
I would thank you to infoim me, becanse we fiud in practi(« 
thnt the beet way to make a labouring macliine turn quickly on 
its centres, is to keep them well oiled. 

■• K. T. 

"F, UviLLB, Esq., Mb. Hoopeb's, FalmoaJh. 

" JT-B. — If you intend to be at Camborne, please to drop me 
a note by post, and I will be at home." 

In all Trevitliick's moves there was a scramble tor 
money, in which be in^■a^iably came worst ofl". He 
could give a good bint that working centres would not 
turn well witbout the essential oil ; but he failed to 
apply the principle to himself. Liberal words mi 
golden prospects carried him off at once ; and before 
Uville was strong enough to visit tbc Cornish miues 
and to fully explain what be wanted, the niacbinerv 
was being made, though at that same time the thrash- 
ing and ploughing engines, and the locomotive aiiJ 
rock-boring engine, and the great fight with Watt at 
Dolcoatb, were in progress. 

[Rough draft.] 
" Mr. EaSTBICK, " CilteURSIt, J'unt 8rt, 1811 

" Sir, — Euolosed I send to you a drawing for a set of 
pumps for one of the engines for South America, with » 
drawing for a part of the castings for one of the boilers, for Jo" 
to inake a beginning. The drawings for the engines I will aai 
in a tew days. The Spaniiih gentleman who is now gone la 
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London U> ai-ranfje Iiia money con<:erns, will be down again ia 
about ten or twelve days, and tben we shnlt both call at Bridge- 
north, and bring with us tlio engagement for you to sign, for 
tlie performance of such quantities of work as you can execute 
in four niontha, 

■' I have made arrangements with the smiths and boiler- 
builders here, to weigh and pay at the end of every week. 
The regulatiou of your payment is left to yoii to point out in 
liny way you please. As time is of the greatest consequence, I 
liope you will set to work immediately. 

"The reason for making the pumps so short, is on account of 
the extreme badness of the roads over the mountains, where 
these engines are to be conveyed, it being almost imjxiasible to 
carrj' above five hundredweight in one piece. Tlie ^^'e8t India 
engine is sold to send to Lima, but not to be conveyed over tbo 
nionntains, I shall also bring dniwinga with me for one or two 
winding engines for the same phtco. Please write to me by 
return of post, 

" R. T." 
[R.,111-1. dr«rt.] 

" Casibohsb, near Tbubo, Jujk lU/i, IUVJ. 
'■ Mr. I'llANCIS UvlLLE, 

"at Me8SK8, Campbeli. and Co. "8, London. 
" Sir, — I have your favour of the yth instant, respecting 
the weight of the largest parts of the engines, 1 will take care 
to reduce the weight if possible, so as to be carried on the backs 
of mules. 

"By the time 1 receive your letter I shall have arranged the 
whole of the engine business, and inteud to go immediately to 
Wales and Shropshire, to get the engagements executed for the 
pr-rfomiance of the work by the time proposed. I shall write to 
you again before I leave home, aud as soon as I arrive in Wales 
will also write to you. I shall not stay in Wales above two 
(lays, but go to Bridgenorth in Shropshire, where I hope to 
have tlie pleasure of meeting jou, as it i*ill only be about 
twelve hours' ride out of your road to Cornwall. 
■ " In the North I shall intnxluce you to the sight of a great 
deal of mining and machinery, ond in about ten days froi^^e 
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time yon arrive at Bridgenorth, shall be able to accoiapiisb the 
buBineEs eo as to return again to Cornwall. 

" I would thank you to inform me as early as yon can, of the 
number of engines you intend to get execnted by the proptsed 
time, because wlicn 1 am in the North I sliall be able to arrange 
with the founders accordingly. The smiths are all at wort for 
you. 

'■ R. T." 
[U»UBi, Jraft.] 

"Mb, Uvillb, "Cobnwajj., Camboune, Jimr IWh, IPl:!. 

" Sir, — Your favour of Hie 9th instant, dated from Fal- 
mouth, I received, and in return wrote to you immediately- 
directed for you at Messrs. Campbell and Co.'s, London. Aj 
you said in your last letter, that immediately on yoiir arrival in 
town yoti would write to me, I have expected every post edow 
last Tuesday would have brought me a letter ; bnt as I ha»e 
not received it according to your promise, I am fearful that 
your letter may be unexpectedly detainetl, esjieciully as ws 
told me the last time I saw you at Falmouth, that you wonlil 
eucloMe me a bank post bill. All'the founders and other trades- 
men are in full employ ou your engines. 

"I intended to have left Cornwall for Wales and Shropditn 
by this time, with the founders' articles for execntion; tad 
being disappointed in not hearing from you, agreeable to our 
appointment, I shall delay it until I hear from you, whid I 
must reijuest you to have the goodness to do by return of pofl, 
because those delays make very much against the exeontjonof 
your work ; and as time is of so great a consequence to yon, I 
hope you will not lose a moment in writing and giving me the 
necessary instructions, with a few drops of that essential oil 
that you proposed sending me on your arrival in town. 

" B. T." 

The sugar rolling-mill engine tliat had been made 
for the West Indies so pleased Uville that he purchaeal 
it at once, intending it for the Mint at Lima. He also 
ordered one or two winding engines, in addition to tiur 
pumping engines. Trevitbick Itad arranged that no 
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piece should exceed 5(iO lbs. in weight. Then came 
Uville's order, "if possible to be reduced so as to be 
carried on the backs of mules." Since that time the 
path on the mountains lias been improved, yet the pre- 
sent limit of weight is 300 lbs. The absence of the 
promised bank post bill was anotlier difficulty. 



[Ru 



igli draft.] 

" CAaflOBXB, June 23r(i, 1B13. 



" Mr. Francis Uville, 

" at Messrs. Campbell and Co.'b, Park Buildings, London. 

"Sir, — Your favour of the 19th instnut came safe to 
hand. 

" I was in hopes that I should have found a remittance 
enclosed. All the tradesmen that I have employed on yonr 
work were to have been paid every Saturday, and I made my 
arrangement with you aciiordingly. Unless tbiM mode of pro- 
ceeding is followed up, you cannot get your work done in any 
reasonable time, especially as you are an entire stranger. For 
my own part I have placed the greatest confidence in your 
honour, with which I am fully satisfied. 

" But I have to get this work from a great number of 
dififerent tradesmen, uud must make regular [laymeuts agree- 
able with my engagements with them. As tLe articles are about 
to be executed by different tradesmen, regular weekly payments 
ought to be established, of which I informed yoii liefore the work 
began. 

"I am ready for my journey to Wales and Shropshire, but 
cannot proceed with further engagements until I hear again 
£rom you. I have placed the fullest confidence in your word, a 
proof of which you have in the great exertion I have made to 
get the work done ; but unless you in return place some c 
£dence in me, or any other engineer that you may employ, a 
work of this magnitude cannot be carrieil on with promptitude, 

"As the whole of the work in my part lias been put into 
immediate operation, it would he a very serious loss liotli of 
money and time to discharge the hands. I hope you will fully 
consider this iinsiness, ami roust beg you will have the g 
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to vrrite to me by return of po*t. On receiving the needful t 
you I shall leave Cornwall for Wales and 8hro|>shire. 

"R T." 

Trevithick for once in Iiis life was wise, and would 
not stai-t on his journey to Bridgenortli nntil the money 
had reached liim. This prudent resolve was eoon for- 
gotten in the love of making the steam-eng-ine useful; 
and aa such creations in his hands grew into shape aud 
size before other men would have got through prelimi- 
nary discussions, pecuniary difficulties sprang up, as 
mushrooms do in a night. 

[Rough ilraft.] 

" CAMBUBnt, Septemier 4th, 

" Messrs. Hazeldine, Bastrick, and Co., 

" Gentlemen, — Enclosed you have three of Mr. UriQe's 
drafts, value one hundred and fifty pounds. 

" I ghould have sent it iu one draft, but had uot a snttaUt 
stamp. The castings, pipes, ale, &c., arrived safely. I hoft 
that all the boilers and wrouglit-iron work will be 6nished by 
the end of this month, and aliip]>ed off for Loudon. Immedi- 
ately after Mr. IJville and I shall leave Cornwall for Bridge- 
north on our journey to town. We are both very anxious to 
eee the 'Sanspareil' ongiue at work, and hope you will liareil 
ready by that time, I have received orders from dtSeiuit 
persona since I have been here, for steam-engines for the Weffl 
Indies, and must, if possible, have three ready earlv in 
l^overaber, as the ships sail then that will take them. 

" I wish yon would say in your next if this can be done in 
time, because these persons are very extensive agents for tlw 
planters, and are extremely anxious to generally adopt them in 
tlie West Indies. 

" We find from your letter that you are getting on prrtJT 
fairly with Uville's work. 

" I remain, 
" Your very bumble servant, 

" lilOUARD TnEVITUlCK.' 
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[Hough draft.] 
" Gentlemen, " Cambobne, Sepfemfter 7(i, I8I3. 

" After wriling to you on Sunday last, Mr. Urille re- 
ceived lettei-3 from Cadiz, from the SpaniBli Government, 
informing liim tliat tliere waa a line-of-battle ship there that 
should take the engines to Lima. Now as t)iis sliip is detained 
for this purpose, all possible dispatch must be made to get the 
whole of the materials shipped as early as i>OBMible for Cadiz. 
I am pushing the smiths as hard as possible, and you must 
do the same at your woi'ks, that the greatest dispatch may 
be made. I am ordered by Mr. Uville to request you to get 
one water-engine, pum]>s, &c., complete, one winding engine, 
winding apparatus, &a., complete, and one crushing apparatus, 
complete, in addition to the former order. I wish you would 
also get on as fast as possible with the new engine, but do not 
let this engine prevent the getting forward the work for Lima. 

"I wish to have made apparatus to work expansively, and 
also a temporary water-pump, to load the engine, so as to prove 
its duty by the consumption of coal, 

" If the jobs are not completed by our arrival, you need not 
expect any rest until its completion. Your auswer will oblige, 

"K. T." 

" Messrs. Hazeldise, ItASTaicK, and Co." 

Tho money difficulty was for a time surmounted, 
with a prospect of the completiou and shipment of the 
work for London within four months of the giving of 
the order ; and the Spanish Government proposed that 
a line-of-hattle ship should take the engines to Lima 
from Cadiz, An order was given for another pumping 
engine and another winding engine, to be provided 
with gear for working expansively, and a temporary 
water-pmnp, that in case of need the amount of work 
the engines could do with a given amount of coal might 
be tested. A crushing machine, now called "quartz- 
crusher," also formed part of this additional order. 
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The new engine, which he hoped tbey would gef^^ 
with, was probably the steam locomotive plough then 
being constructed at Bridgenortb. 

[R<.ugli draft.] 
" Gentlemen, " C.^mbobsk, Sept^mher 22i»rf, isis. 

" I have your luvour of the Hth instant, and hope to 
find you as forward on your job on our arrivid at Bridgenorth 
as you state. I expect all the boiler and smith work wiU be 
Bhipjwd for London early in October; we shall then kwe 
Cornwall for your works, at which time you will be very nmcb 
annoyed with our company, unless we find your us^rtious 
grounded on facta. Enclosed I send you Mr. UvUle's draft for 
150?. Your receipt for the draft enclosed in my letter of tte 
16th instant baa not yet arrived, 

" I hope you will also bave all tbe apparatus ready to try die 
new engine; Mr, Uviile in very an.-tious to take the tirst of tbe* 
new engines with him. When you send a receipt for the en- 
closed, please to say what stale of forwardness the whole of onr 
work is in, and do not neglect a moment to get the whole 
executed with all possible disitatcb. 

" Notbing short of a want of cast iron will confine oar tntai 
iu England one day after the end of this month. 
" I am, Gentlemen, 

" Your very humble serrant> 

'■ RlCHAUD TBEVITinCB. 

"MEssBfl. Hazbldisk, Rabtrick, and Co." 

It seems probable that in 1813 a railway locomotive, 
with apparatus for rock boring, and steam-cr-ane, was 
made for South America as tbe forerunner of tbe ' Sans- 
pareil'of 1829. 

[Bough draft.] 

•* Gentlemen, " CAJwotiNE, OcU/ber iti, isii 

" I received your favour of the 27tli last evening, and 
now enclose you another draft of Mr. Uville's for 150/. We shall 
wait impatiently for your next letter to know when von will 
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finisli. Miud, thU is the 1st of October, and agreeable to pro- 
mise the time is up. Mr. Uville wialies you to cast sixty carriage- 
wheels for him, 11 iuchea in diameter from out to out, and to 
weigh about 20 Iba. ; cast them of strong iron, and of a strong 
pattern, to take a l^iuch nxle by 2J inches deep in the hole ; also 
cast four plunger-pistons 11 inches dia- 
meter to suit the 11-ineh working barrels, 
provided it should lie used for the pur- 
pose of a pluuger. They must be in every 
respect the same ns the 14-inch plunger- 
pistons, only 3 inches less in diameter. 

" Soon after the receipt of your next letter you may expect to 
see us, as a vessel has been engaged to t43ke all the boilers and 
smith work on board to-morrow week for LondoTi, 
" 1 remain, Sir, 

" Your liumble servant, 

"Richard Trbvithick. 

" MehRDS. U4XELDI}>'B, KASTRrcK, AND Co," 

Probably those cast-iron wlieele were ordered with a 
vi(!w to steam locomotion in tlte CordilleraB. Au engine 
is described in the invoice as having chimney, axles, 
carriage-wheels, &c, 

[Kuugli dmlt}. 
"Gentlemen, "Cambobnb, October IWi, isis. 

" On making the drawings of the engine «'ith the winding 
and crushing apparatus, when at work 1 find that if there is no 
(.■rank, tut the sweep rod is connected to a pin in the nnn of 
the fly-wlieel ; in that case tlie fly-wheel will cut off" the engi- 
neer from getting at the cock ; but if the sweep is connected 
to a crank, then there will be sufficient room. ITie copy of 
materials taken from your books and given to Mr. Uville does 
not say in which way it was intended. I send you a sketch how 
it will stand worked by a pin in the fly-wheel, and also if 
worked by a crank over the cylinder, with the fiy-wheol outside 
the woml partition of the house. If you have cost all the pai'ts 




208 ENOIXF-S FOR SOITTH AMEHICA. 

for the winding engine, yon should try to alter it, huving ihf 
■ fly'Wheel outside the wall of tbe houtte, and a crank for the 
insido end of the shaft 
The fly-wheel ehal't will be 
nearly the same length boUi 
wayp, only it must be long 
enough for the fly-wheel !« 
pass between the wood ]w- 
titioD and the 4-feet L-ng- 
wheel. The centre of the 
winding cylinder will 1* 
17 inches from the ontiiide 
of the wood end of the 
bouse, against which the fly- 
wheel oiiglit to run. I IiflTP 
received your favour of tla 
5lh instant, and have eo- 
closed, agrt-enhly to your re- 
quest, a draft of Mr. UTiHeJ 
for 800?., wliich will be tie 
lust from Comwall. All I have to say is, you have taken longrt 
time for the completion of your work than yoa first proposed, 
which has made Mr, Uville apprehensive that it will be lltf 
means of his luaiiig the Spanish ship promised him to lake the 
engines. He desires me to inform you that he has eomjiliej 
with this advance on purpose to enable you to push your wurl 
with the utmost exertion. 

"Please to inform us the precise time we must quit Corunall 
for Bridgenorth ; we now wait entirely on you without any othef 
thing to engage us. I fear Mr. Rostriok being so much frotii 
home will impede our job. If we miss this ship it will an- 
t^nly make much against lis all, losing three or four moiilkj 
in getting a South Sen whaler, and having the engine in a vessel 
not able to defend herself against an enemy, and haying to p*I 
15 or 20 per cent, insurance, and prevent our getting otha 
orders for another set of engines, and if taken by the enemy p«f- 
hapa altogether damn the undertaking. Therefore I would bate 
you to well consider the great inconvenitnees attending delav. 
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" I tliiiik I need not say much more to you on tliis licfitl, as 
you ought to feel more for your own interest than I can 
scribble to you on paper. 

" Yours, &c., 

"li, Trevithick. 



This rough hand-sketch and letter fully describing 
his requirements, is an iUiiatration of the facility with 
whicli Trevithick designed his eugineB and made known 
his wishes to others. 



[Rough draft.] 
" Gentlemen, " CAUBonNK, Odoha- 23ril, I813. 

" Mr. Uyille wishes eyerythiug to be sent off as snon as 
finished, except the rolling engine, which ia to remain until he 
arrives. We intend to leave Cornwall for Bridgenorth on 
Monday, November 1st. You may expect to see us three days 
after tliat date. The wheels ordered for the carriages are to 
run on the ground and not on railroads. Mr. Uville now wishes 
to have seventy-two instead of sixty as ordeied before. 
" I remain. Gentlemen, 

" Yours, &c., 

" E. Trevithick. 

" Messhs- Hazeujisb and Co." 

The last-named engine was intended for the coinage 
operations in the Mint at Lima, The use of railway 
locomotion had been ujider discusaion with the engine 
builders, and probably those particular carriage-wheels 
were ordered in the hope that the portable engine built 
for conveying itself from place to place in the sugar 
plantations of Jamaica, would in the Cordilleras be made 
to draw waggons on common roads. 

The hand sketch of the winding engine In the' letter 
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of the 11th October, was to c»rrect an error in an order 
hastily given a month before ; when, to save time, out- 
line instructions for this complicated work were hurriedlv 
sent to the manufacturer,-that a commencemeDt might 
be made wliile the more perfect detail drawings were 
being completed; the firsl-proposed position of the fly- 
wheel would prevent the engineman from conveniently 
reaching the four-way cock ; Trevithick therefore sug- 
gested that the fly-wheel should be moved to the out- 
side of the house, and a crank placed on the end of the 
driving shaft in lieu of the crank-pin in an aj-m of tbe 
fly-wheel. The sketcli illustrating this change makes 
U8 fully acquainted with the kind of %vinding high- 
pressure eteam-pufl'er engines of 8-horse power, with 
open-top cylinders of 12 inches in diameter and about 
3 feet 6 inch stroke, sent to Peru in 1814. Steam, of 
30 lbs. to the inch above the pressure of the atJiiD- 
ephere, was admitted under the bottom of the piston 
by a cock moved by an eccentric on the fly-wheel shaft; 
tlie gradual closing of the cock reduced the supply of 
steam when about one-third of the stroke had been 
made, wholly cutting it ofi' some time before its com- 
pletion, making it a high-pressure steam espansire 
engine. The movement of the cock then turned the 
steam from under the piston into the chimney blast-pipe, 
and the down-stroke was performed by the weight of 
the descending piston, made more than usually deep 
and heavy to prevent the tendency to twist in the 
cylinder from the angle of the jointed connecting rod, 
and also by the momentum of the Hy-wheel and its 
balance- weight, moving at a speed of thirty strokes 
a minute. Its boiler was the Trevithick wrought-iron 
cyhn^riciil, with internal tube and fire-place, but a> 
arranged that if necessary the fire could be placed in 
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brick flues under tlie boiler, returning through the 
tube. 

The cylinder for the winding engine was probably 
fixed in the boiler, coating, with whim-barrel aud wind- 
in*:^ apparatus complete and ready for work, 2 10/, Does 
the reader ask, Did so cheap an engine ever work ? Or 
perhaps his knowledge of engineering gives rise to the 
question, How did it work ? for it looks like a Newcomen 
of just exactly a hundred years before, only it needs no 
injection water or great main beam ; and certainly it is 
not a Watt, for it lias neither aii'-pump nor condenser, 
nor vacuum, nor cylinder-cover, nor parallel motion, nor 
any otlier thing like Watt invented; but it has high-pres- 
sure steam, which he disapproved of, and it really worked 
thousands of miles away, where there were no mechanics 
(o keep it in order, and on mountains so difficult of 
access, and in so light an atmosphere, that Watt, who 
had the first chance of supplying steam-engines to the 
New World, declared it to be impossible. The pumping 
engines are described in Trevithick's note of 22nd May. 
They also were high-pressure pufler-engines with open- 
top cylinder, 24 inches in diameter, 6-feet stroke, with a 
cross-head working in guides, and side rods connecting 
to the pump-rods. Two valves tnrned the steam on 
and off from under the piston, with the ordinary gear 
and handles. The boiler was similar to that for the 
winding engine, hut larger, and had not the cylinder 
fixed in it; a balance-beam regulated the movements, as 
it had no great main beam, and differed from ordinary 
engines just as the winding engine did. The power 
was 33 horses, and with an ll-inch pump barrel, 
150 feet of 11-inch pumps, a winch, and all apparatus 
necessary for draining the mine, the cost was hut 
I 1400/. 
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[liongli draft.] 
'TwDGH I>ra, BLACKWALt, Dttemher 28<i, 1913. 

" Mb. Bastbick, 

" Sir, — I am reqiiceted by Mr. Uville to write to you, tii 
push the boilerB as taat us possible. A ship will sail for th^ 
South Sea fishery in about five weeks, and will engage to lake 
the whole of the engines. We haw not finally closed with her, 
because we cannot state the exact time until we bear from ycm. 
You must not lose a moment in sending the boiler to titwa, I 
should have gone to Cornwall before this, but have been 
detained, getting & ship ; and I do not like learing until my 
agreements are executed, which cannot be done until the b^is- 
ning of next week. 

" I have been obliged to have all the tranaactiona betKem 
the mines, and the Spanish Government, and Mr, UvHIIe, tnu^ 
lated into English, before the outlines of an agreement conld 
be drawn up, which has been a most tedious job, 

"Must of the people have been out of town, and those that 
were not would do no business in the Christmas, which W 
occasioned a loas of near ten days. 

" As soon as the agreements are executed, I will immediatelT 
send to you money from this place. I have been kept so long 
here, that it will not be worth retiu'Ling to Cornwall until afta 
Mr, Uville eaCs. I shall be at Bridgeuorth in about ten Axn, 
and will remain until the work is finished. Write how the wodt 
is getting on, and what state the winding engine is in. 



" Yours, &c., 

" Rd. Tbkvithick," 



L[Rotigli draft.] 
" Dear Sir, " Cambobse, Marth «A, I81t 

" Your favour of the 23rd February was sent to W 
from Bridgenorth. I have also received your favour of tbe 
1st instant, and will attend to the drawings you menticm, aod 
be prepared to meet you as early as you please, only give IM 
OS much notice as you ciin, 
" I hope by this time that Mr. I'age has Joue som«llu^ 
L 



KN-GINEH FOR SOL'TH AMKRICA. '2l.i 

toward the iieedt'u], to be at your service. I bave, iifjrec-iibly 
with your letter this day, desired Capt. Thomas Trevarthen to 
hold himself in readiness for London about the end of this 
mouth. I have not yet seen Bull, I wish you to writ« me if I 
am to give him notice also to hoM himself iu readiness for 
town. I fear that those two persons will not be sufficient to 
conduct the work with speed, eapeoially if Capt. Trevarthen 
should l>e unwell ; he is a good miner and pitman, and could 
assist in fixing the engines. Bull can only act as an assistant 
to an engineer, therefore neither of them can take the sole 
direction of the work. 

" There will be those fonr large boilers to be put together on 
the BjKit, which neither of those persons know but little iibont. 
I think it would take a great charge and cjire from your miiul 
to have a third person witli you that could go through the 
whole of tlie undertaking, especially as the distance from 
England is so great. This undertaking of such immense mag- 
nitude and value ought not to depend solely on your own 
health, as neither of the other two could get on without your 
assistance in laying down and planning the outline of the whole 
of the work belonging to the machinery. If any one of the 
pirts should be lost or broken, it would require some ability 
in that country to contrive a substitute. The expense of a third 
nble man might prevent much loss of time and difficulty, and 
would not be an object in a business of siieh a scale as you have 
comjnen<*d with. 

" I recommend a third person, that you might count on a 
speedy and effectual start. Even in this kingdom, where 
machinery is so well understood, I have known several good 
nndertakings fail, from not employing at first an experienced 
engineer to conduct the work ; which I am doubtful would be 
the case at Pascoe, if you were not able to attend yourself to the 
erection, and do not take a person with you for that purpose. 
I beg your pardon for thus attempting to recommend to you a 
third person to go out ; but I think a work of this magnitude, 
where expedition is important, ought not to rest on the health 
of one man, especially under a changeable climate. Please to 
consult your friends, and give me your opinion on it in yonroexb . 

VOL. II. 
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"My houith is iiuu-L imiirovetl; my wife desires her lifel 
reHjiects, uiid tliiiiiks fur your preseuL Please to write sixni. 
" Yours, &c., 

" Ed. TBEVlTDIfK. 
"Mm. Uvii.lk, 12, K«( SiVw, l.omton.' 



enough draft.] 
"Mr. Pace, "CiinwRM'., JfairA SIA. 1811 

" Sir, — Yesterday Mr. Joseph Erlwarils, nf Trnni. in- 
formed me that 'league had given notice of trial, and tUiit tJie 
case would come on at the Assize on the 2f)th, and requeel^il 
me to desire you to write to him immediately, and give hito 
the whole of the transaction relative to Mr. Uviile's unvst in 
London. 

" He also wishes that some attention had l)een (mid t" the 
threat that Mr. Uville received from Teagnti's so-culled friend. 
8o as to ascertain whether it came direct from him, which Iw 
thought would have some woipht in court, I shall attend li' 
give evidence at the Assize with Mr. EtlwHrils, I shall anxiotulT 
await a reply to my laat. How does Harvey's business gel on? 

" My resi>ect8 to Mr. Day, and sh^ll lie very glad to find him 
recovering his health as fast as I am. A crust uf breiul and 
clear air are far pri'ferable to luxuries envelo]»ed in clouili *i 
smoke and heaps of Jilth. 

" Your obedient servant, 

" Rit. Tre\1thick. 

" P.S. — I hear that Teague is still in I..ondoD, and thiit bi* 
furniture is removed t« his friend's house, to save it from Uk 
hands of surrounding evil spirits." 

Trevithick sliowed no undue amount of discontent <» 
discovering that Uville had led him into j>ecuniarv 
difficulties, and even his tendency to interfere in en- 
gineering matters was not hastily resented. 

In December, 1813, while in London, arranging for 
a vessel to convey the engines to Lima, and also to 
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secure written agreements with Uville, who expected 
to leave England in a week or two, the going into the 
documents made known many weak points, one of them 
being shortness of money. The expected week or two 
had lengthened out to three months, and Uville waw 
still in London, and Capt. Tliomas Trevarthen and Bull 
were to be there, ready to start, about the middle of 
March, 1814. Four large boilers, in pieces, were to 
go for the pumping engines, to be put together in 
the mines ; and Trevithick strongly recommended the 
sending a third man, to take general charge of the 
practical work, whieh Mr. Uville thought he himself 
could manage. 

Page and Day were lawyers, who drew up very long 
documents. Money to pay expenses waa raised by the 
sale of shares in a company formed by Uville without 
6ufiieient authority', and Page was to go to the mines to 
look after his own and the English shareholders' in- 
terests; between them Uville was arrested, apparently" 
for some trifle. 

*' Mb. Uvii.LE '■Cameokne, ManA lalh, 1814. 

" Sir,— I tfhiiU writf to him agtiin by this post, and jmflh 
liiin to send down the triinsfer of my ahares, ub^tuly ngreed on, 
for my execiitiou, and bupe I shall be able to meet Atesars. 
Hazeldine and Co.'s dduuiDil before it will be due. The young 
man Bull has been with me. I told him I expected that 
you intended to tuke him with you, and Capt. Trevarthen is 
uakuig preparation for going. I am glad you intend to tjike a 
third person with you. I have not thought or aaid anything to 
anyone about thia huBiness. Mr. Vivian informed me that, from 
the conversation he had with you on the subject, ho had 
expected to hear from you. I ojm answer for Mr. Vivian's 
honesty, ability, and pleasant behaviour, and he is a person 
very suitable for the engagement, only that one failing of 
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anacqiminted witli nbUe in CumwuU at Duluoath UiDe. I io 
nut like t^) take an active part in this biisitiese. because if oar 
accident slioiild happen to him, luy sister or hie family might 
charge me witli being accessory to his poing ; thorrforf 1 miuii 
Leg to be exempt fn>m taking uny juirt in this engagement 
" I remain. Sir, yours, 

" Rd. THEVITHia 
[RnuRh dmfl.] 
" Mk. Paqf, "Cajibor\k, April itth. 1814. 

" Sir, — I have yuur favour of the 5th instant. I intnul 
t(» bo in town on Swmhty week, hut this need not prevent their 
writing to me here ; and both you and they miiy still be doin): 
your l»est towards disposing of shares. 

" Your obedient servant. 



110^^1 



" Rd. TRBvmiicK." 



[Rfiucli dmlt.] 



'.iJil 



" Mb. Uvii.LE, " Camuorxe. .^/lr^7 9th, 

" Sir, — I intend t« be in London on Sunday, the ITtij 
and shall call immediately on this person for money, whid 
shall be at your service. Wheal Alfred and Wheal ProapS 
agents wish you a prosperous voyage, and snccfss in Twor 
mines. 

" I remain, Sir, 



" Your obediimt servant, 

" Rd. Tbevithicim 



Trevithick was now embarked with a crew of speco- 
lators, and in payment for his services was made s 
partner, and sold a portion of his shares to pay for the 
engines which Uviile had ordered. 

Henry Vivian, his hrotiier-in-law, and the brother of 
his late partner Andrew A'ivian, wished to he the third 
person engaged to go with the maehinery to Americt. 



4 
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Trevitliick 8jx>ke of liis liooesty and ability, Imt decliued, 
on accoiiiit of the family relationship, to take any part 
in the appointment. 

The two notes on the 9th April, 1814, close the cor- 
reBpondence. Page was busy selling shares to raise 
money, and Trevithick was to f^et some money, which 
was to he at the service of Uville. 

The delay between this period and the time of start- 
ing was mainly caused by financial and other arrange- 
ments managed by Uville. On the Ist September, 
1814, Uville, Henry Vivian, Thomas Trevarthen, and 
William Bull sailed from Portsmouth for Lima in the 
' Wildman,' taking with fhem four pumping engines, 
with pump -work and roils complete; four winding 
whim-engines, with all winding apparatus complete ; 
one portable locomotive engine ou wheels, to be used for 
a rolling mill or other purposes ; one mill for grinding 
ore ; and one rolling mill, probably for the Mint at Lima. 
These nine steam-engines, with their apparatus complete 
for work at the mines, cost 6838^.; the grinding and 
rolling mill cost 700^. more; hut various other expenses 
more than doubled the amount, which reached the large 
Bum of over 16,000/. 

On reference to the conditions of agreement under 
which Uville acted, dated 17th July, 1812, Don Pedro 
Abadia, Don Jose Arismendi, and Don Francisco 
Uville, were partners engaging to drain a range of mines. 
Uville was to go to London to purchase two steam- 
engines, and was authorized to expend ^30,000 (say 
(iOOO/.). $2000 (say 400/.) was to be paid to him as 
the value of Trevithick 's model, which he had a few 
years befoi'e bought in London for 211. He was to 
engage one or two English workmen. No new partner 
was to be allowed. They also contracted with the 
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various workers of mines in Yauricocha. YanacancSI^ 
Caya Chica, Santa Rosa, and in the mining ridge of 
Colquijilca, for a period of nine years, to commence 
within eighteen months of that time, to sink a general 
pit for the drainage of those mines, and to pxiinp out 
the water by steam-engines. The jiayment for Aia 
drainage was to be one-twentieth part of the ore r 
by the different mines. 

" Ad agreeineut made at Loudon this Stli iliiy o( JarniarT, 
1814, between Don Fnincisiw Uvillo, of Lima, in the Vii-e- 
royalty of Peru, of tlie one part, and Ritihrird Trevitliiob, of 
Camborne, in Cornwall, engineer, of the other part. Wberena. 
by an agreement of partnership made and signed at Lima, ami 
whereas the said Francisco UvUle did in pursuance of his win- 
tract, with the Bttid miuera soon after the ratification thereof, 
embark for England, for the purpose of fulflUiug the same ub 
his part, and on his arrival there in the month of April htsi, 
made appHcation to the said Richard Trevithick, who is an 
experienced engineer and miner, and requested him to as^ 
him in promoting the object of his journey, which the said 
Bichard Trevithick (being penetrated with a high sense of its 
utihty) agreed to do, and hath accordingly applied hims^ 
wholly to that object, ever since the arrival of the said Fran- 
cisco Urilie in Englimd : And whereas under the directicoi nt 
the said Richanl Trevithick, and by the orders of the aaid 
Francisco Uville, various machines imd engines have been nude 
for the purposes of the said concern, a part of which has been 
already paid for by tlje said Francisco U\dlle ; but sevcnl of 
the bills brought by him to England not having been honoiired. 
by reason of the absence from England of the parties npcM 
whom they were drawn, the said Francisco ^^'ilIe hath not »l 
present sufficient funils to answer the engagements he faai 
entered into in this coimtry, and Don Juan . . . . , to wheu 

as ia that case directed by his partners to offer shans ii ' 
the said concern, and from whom he could have njceiwJ 
supplies, not being at this time in London, tlie said Franciseo 
Uville has agreed to admit the said Richard Trevithick te>» I 
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a pitrtner iu the wmccrn, upon hie advancing and jwiying a pro- 
portiouable part of the expenses necessary for carrying on the 
aoitie. Now these presents witness that in consideration of thts 
said Kiehard Trevitbick having paid and agreeing by thesu 
presents to pay certain bills for machinery ordered by the said 
Francisco Uville to the amount of 30UO/. or thereabouts, the 
particulars of which have been ascertained and settled by and 
between the said Francisco Uville and Itichard Trevithick, and 
also in consideration of the services which the said Kichard 
Trevithick hath already rendered to the said undertaking, and 
tif the future benefits which he is expected to perform for it, tho 
said Francisco Uville for himself, and on the behalf and in the 
name of the said Pedro Abadia and Jose Arismendi (who will 
ratify these presents in the capital of Lima as soon as it shall 
be produced to them, to which the said Uville holds himself 
bfiund). Doth, by virtue of the power and authority giveu to 
hiiu by his said partners, agree to admit the said Kichard 
Trevithick to Ije a member of the said company, and doth 
hereby declare him to be a member thereof and a jMirtner 
therein to the extent of 12,000 dollars, and as such, entitled 
to a share and interest in all the profits and advantages of the 
eomiwmy in tho pnijiortion which the said sum of 12,U00 dollars 
shall bear to tho amount of oipitul employed by the company 
in the purj»»ses of their establishment, which proportion will 
amount as nearly as can now be ascertained to one-fifth of the 
capital stock embarked in the said concern. 

"Fran. Uville. 

" Richard Trevii'hick. 

"&hJu»iiary,18Ur 

So Trevithick paid 3000/. and received nothing for 
hia engineer's work, to be made a partner, contrary to 
Uvilles limit of authority, in a speculation that proved 
to be not worth a farthing. 

The following is a summary of the detail invoice of 
engines and machinery which left London for Lima in 
September, 1814, in charge of Uville, just fifteen months 
after his lauding at Falmouth iu search of Trevithick :- 
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" Invoice of four steatu-engines, four winding engines, one 
portable roUiug engine and mat€ri&lB for ditto, two crashing 
millB, four extra-imtent boilers, spare materiaJs for engiam. 
boring rods, miners', blacksmitlis', and carpenters' tools. &c^ 
shipped on Itoord the "Wildman.' John Leith, master, frnm 
London to Lima, by, on aceoiint and risque of Don Frannsou 
Uville, Don Pedro Abadia, and Don Jose AriHmeinli, merchanls 
at Lima. Dated 1814. 

To four Hletim-eugiiiea of SS-biiree-power each (cumplele fur £■.</. 

lifting walcr with onder^djl and house lift-pumps, atid 

wnjughlr-inm pit-wtirk, roda, &e., at 1399i. 13». each .. 5,598 12 
To four ninding enginoi of S-hoise-puwer each, with wliiniB, 

bturels, shafts, Sec, complete for lifting ore,a( 2102. cacU MO 
To ona portahle ateam-cnginc of 8-hoTse power, for rolling, 

with its chimney, axlea, csrringe- wheels, &c. .. ,. 400 Q I) 

6,838 12 

A juiil for grinding ore £517 

A rolling mill 204 O 

Dnplicates, sondries, freight, iniiiiraiice, &c., &c. B,592 9 1 

9^13 9 1 



£16,152 



The nine steam-engines, including a locomotive, wilfc 
its chimney, axles, carriage-wheele, &c., a crushing mill 
and a rolling mill, cost but 7560/. Other espeosef^ 
for freight, insurance, &c,, &c., increased the amount 
to 16,152/. 

William Williams,' on his return from tlie Cerro de 
Pasco Mines, states : — 

"On the 3rd March, 1872,1 saw in Yauricocha Miaetwoof 
Mr. Trevithick's engines at work; one of them was a horizuubl 
12-ineli open-top cylinder pumping engine, about a 4-feet stroke; 
there were two fly-wheela about 10 feet diameter and a i\c- 
wheel 7 feet diameter, giving motion to two wrougbt-iron beams 
working a 10-inch pump bucket. The other was a 12-incb 
cylinder winding engine with a large fly-wheel. Three ComiA 
boilers, about 5 feet 6 imhes diameter, with 3 feet i) inch taW. 
30 feet long, made of I'atha of an inch platec, suppUotl ^team of 
40 lbs. on the inch." 



' Beaidiug at Angurracb, ne«r Hay le, liST^. 




CHAPTER XXII. 



f OoNi>iTios8 under v/hk-h Don Pedro Abadia, Don Joe^ Aria- 
^endi, and Don Frimciw.'!* UvUIe, establish tlie project of 

wining the mines by means of steam-engines, to be brought 
from England. 

" 1st. Tile company ia composed of tliree contracting persons 
without admitting therein any other whatever. 

" 2nd. There are intended aa a fund for the undertaking 
40,1X10 doUara, to be divided into four shares in tbe following 
manner : — Two shares to Don Pedro Abadia, one to Don Jose 
Arisraendi, one to Don Francisco Uville. Four shares, dollars 
40,000. 

"5th. These principles of good faith and friendship being 
established, the project is to be curried into effect with the 
greatest, possible activity, for which purpose, by the flrat 
opportunity, the funds shall be forwarded by Don Pedro Abadia 
to the amount of 30,000 dollars, with the necessary instmctionB 
' for the construction of the machinery to a person who may 
be appointed. 

" 7th. As it has been estimated that 30,000 dollars will cover 
the cost of two engines in England, if tbe said Uville finds 
another on credit, he is authorized to purchase it on account 
of the company. 

"11th. Should the undertaking yield profits, Uville shall 
also be credited for 2000 dollars for the value of the 
model. 

" 12th. In the instructions that may be given to Uville, it 
shall be stipidated on what terms he may engage one or two 
English workmen. 

'■ Lima, ITM Jult/, 1812." 




" Contrael. 

"lat. The present contrm^t aliull be consideretl binding for 
nine years, to be computed from the time the sleam-enginM 
muy be erected in the different parts of these miue^ that may 
be judged suitable, 

'*2ud. The miners herein contracting cede their mines in 
Yauricocha, Yanacancha, Caya Chii-a. Santa Rosa, and in tlie 
mining ridge of Colijuijiica, and the company offer the meani, 
Bteam-engines, and instruments for draining the same, and on 
these principles the obligations of both parties are aa foUo«, 
to wit. 

"3rd. The company binds itself within the period ef 
eighteen months, or sooner if possible, to brin^ over the stesin- 
engines to drain successively the different parts of these mines, 
and immediately on their arrival t<i place them iu YauriiL^uchi. 
and afterwards in Yanacancha, Caya Cliii<a, Santa Koso, and to 
the mining ridge of Colquijiica, to sink a general ]>it ft>r tbs 
collection of the waters at a depth of 40 varas from the adit V 
drainage level of Santa Rosa. 

"8th. Each miner whose mine situated in the parts aUm 
specified is not perfectly drained in consequence of the filtmtioi 
or natural gravity of the water to the general pit, is to continue 
a tube to communicate with the said general pit on his out 
atrcount, in order fully to enjoy the benefit of the draining, it 
being well understood that the company shall not refiise lu 
admit the waters of any of the mines situated in this part what 
ever their quantity may be. And the company shall be furtba 
bound to supply fimds to any miner who may not have snfR- 
cient to defray the expenses of such tube of commuuicatiom M 
an interest of (5 per cent., to be refimded out of the first meUb 
which may be obtained. 

" lUth. The recompense to be made to the company for the 
general drain proyuretl in the place or places agreed on, shJI 
be, with regard to Yanncanclia and Ya\iricocha, in conseqmsia 
of the known richness of those places, and of the timl»er reqnirel 
by the softness of the ground to secure the mines, 15 per c«it 
on the ore that shall be estrncta! therefrom, and lodged either 
in the common depots or in the respective warehouses ; and is 
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tlie mines of Simta Bosa, Caya Cliica, and Colquijilcaj 20 per 
cent., which distribution is respectively to be mode on the 
qiiantitteB obtained. 

"Hth. That the miner who refuses to enter into this fair 
contract whose mines are benefited by the means of the engines, 
shall be compelled to pay the contributions and to perform 
what has been therein stipulated according to ordiuance. 

" This contract being agreed to, the contractmg parties signed 
respectively to be bound and compelled; and I, the Hoyal 
Judge and Sub-delegate hereof for His Majesty, signing it with 
ail the contracting parties and witnesses before me on the said 
(lay, month, and year. 

" Petlro Abadiu, Jose Arisinendi, Francisco UVille, Jos(5 
Maria de Ulloa, Ignaeio Beistequi, The Marquis de la Ileal 
Confianzti, Jos^ Herresa*, Piiblo Anellfuertea, Hamon (Jareia de 
Ihirga, Jose Antonio de Arrieta, Jose Camilo de Mier, Jose 
Lago y Lemus. 

" For myself and Don Kemiqia, p. procuration Manuel Qneypo, 
liafacl Dopor, Juan Gonzalez, Augustin Zuinbrauo, Francisco 
lia«ines, Francisco Fuyre, Manuel Ysasi, Alberto de Abellaneda, 
Taidro Crespo, Juan Antonio Arraaas, Pedro Gusman, Manuel 
Yglesias, Patricio Bermudez, Bartolome de Estrada. For the 
miners, Don Gastano Villanneva, Juan Isidoro, Manuel de San- 
talla, Juan Palencia, Antonio Perez, Manuel Cavellero, Domingo 
Pallacios, Matiaa Oanallero, Ambrosio Ortega, Francisco de 
Otayequi, Pedro de Arrieta, Juim de Ercjuiaga, Jose Zeferino 
Abaytad, Antonio Villaseca, Estanislas Maria de j\jriola, Jose 
Maria del Veto, Ambrosio Guidones, Santiago Oreguela. For 
Don Pedro Mirales, p. procuration, Thomas Ilidalgo, Nicholas 
Borrotarran, Barnabe Perez de Ybarrela, Augustin Bayroa, 
Francisco Xavier de Uribe, Manuel Varela. For my brother, 
Juan Francisco de Aspiroz, Juan Miguel de Aspiroz. 

" In the city of Los Reyes on the 26th September, 1812." 

These extracts from an agreement drawn up by tlie 
leadiug men in Peru in 1812 are proofs of remarkable 
energy. Rumours of tlie power of steam-engines used 
^in mince in England liad reacLed Lima, Don Fraucieco 
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Uville was sent nii a mission of inquiry, and in 1811 
consulted IJoulttin and Watt at Soho, who gave an 
opinion tliat their engines were not suitable to so 
elevated a position wliere the atmosphere was 6o mucl 
lighter than in England, and the difficulties of transit 
80 great. On his return to Lima he carried with him a 
small model of Trevithick's high-pressure steam-engine. 
The Spaniards on seeing it work had the good sewie 
and courage to put aside the Watt report and adopt 
the principle of the small but active high-pressure stwim- 
pufier engine. 

An influential company was formed, whicli sent 
Uville again to England to seek out the high-preesatv 
engineer and purchase his engine.'?. What stronger e\i- 
dence could be given of the great difference between 
the rival engineers and their engines ? The one witt 
low-pressure steam and vacuum, the other with high- 
pressure steam and without vacumn. 

The three persons contracting to drain the Peruviaii 
mines agreed that no other should be allowed to join 
them in the contract ; two steam-engines were to be 
purchased, and if convenient a third engine might bt 
ordered on credit. One or two Enghsh mechanics were 
to accompany the engines which the contractoi-s engaged 
should he in Lima within eighteen months. Ten montiis 
had passed before Uville reached Trevithick, and wlien 
in May, 1813, he communicated to the Cornish en- 
gineer the same wants that he had made known » 
Watt two years before, how different was the answer 
received. "I engage to supply In four months ai 
24-inch cylinder high-pressure steam pumping engines 
with pumps and all necessary apparatus compleW."' 



' See I'revLthick's letter, 22nd Miiy. 1813, vol. ii., p. ly 




s promise was nearly fulfilled,' but want of money, 

he ordering of additional machinery, and difficulty in 

nding a ship, — for Spain was then at war, or on the 

terge of it, with the South American republics, — delayed 

■ a time the completion of the order ; but within 

ght months even the additional work seems to have 

en ready, and the following agreement was entered 

pto, though the ship with her freight of nine steam- 

^nea did not leave England nntil September, 1814, 

teen months after Uville's first meeting with Tre- 

Kthick. 

" Agreeinent dated the 8th January, 1814, 
" The said persons from whom he (TJville) would have re- 
Hived supplies, not being at that time in London, the said 
mcisco Uville has agreed to admit the said Bichard Trevi- 
Bick to be a partner in the ooncem, upon Ids advancing and 
fcying a ppoportiuuabie part of the expenses neceaaury for 
■ying on the same. Now these presents witneas, that in 
ration of the said Richard Trevithick having paid, and 
gby those instruraents to pay certain bills formochinery 
3 by the said Francisco Uville to the amount of 3000?., 
d also in consideration of the services which the said Kichard 
revithick hftth already rendered, and of the future benefits 
inch he is expected to perform, doth agree to admit the said 
ihard Trevithick a partner therein, as nearly as can be 
pertained to one-fifth share of the whole. 
" He hath planned and directed the particular construction 
I three steam-engines, and hath for that purpose taken many 
meys to maaufacturing towns and other places. 
" He hath given to the said Francisco Uville a general know- 
Ige of English mining, miners' tools, winding and crushing 
gines, &c., &c., and for that purpose hath taken him to various 
18 in England, to which the said Itichard Trevithick, through 
B interest, had access. He hath instructed the said Francisco 

e Trerithick'B letteiB, 22nd Sept. and 23ni (tct., 1313, vol. ii., pp, 20fi, 209. 
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^H Urille in the art uf makiug drawings of miaci;, and in 

^^M engmeering, 

^H "He iiatli furnished Mm with various drawings of Englitdi 

^H mines, and plans for the future working of Spanish mitm. 

^H and hath given to him every other engineering and miniiifr 

^H information, 

^H " He bath increased the power of the three en^oes ahuve 

^^M mentioned to the extent of one full third, without making m 

^H additional charge for so doing, and he hath agreed to sup{^T 

^H the said company with a fourth engine^ and to wait for the pKjr- 

^H ment of it, until the return of the said Francisco Uvillc to 

^H Lima, in recompense for all which the said Franciaco UriUr 

^H doth for himself and his partners grant to the suid RH^mi 

^H Trevithick one and quarter per cent, of the net produw <r 

^H profits (all exjtensea first deducted) of the ore extracted fnun 

^H the said mines, and as a further recomi>ense, doth appoint liin 

^H sole engineer in Europe for all the machinery that shall be 

^H used or required." 

^M The nine steam-engines, witli apparatus for mintii^ 

^H cruBliing ores, draining, winding, and even locomoliuB, 

^H with miners' tools complete down to mine ladden. 

^B borers, picks and gads, and hammers, were reoeived hf 

a large and influential body of Spaniards residing near 

Lima, under the sfjecial patronage of the ViceroT. 

The machinery had then to be taken up precipitous 

L tracks tliat foot-passengers tremblei.1 to walk on, to tlie 
height of more than 15,000 feet. 
The calculated profit was 500,000/. a year, of whidi 
100,000/. a year was to be Trevithick 'a share, a portion 
of which was sold to pay for the engines, A pros- 
pectus drawn up in England states that " the whole 
capital ivas in four liundred shares, of which Trevithick 
held eighty, valued at 40,000/., together with special 
advantages to be accorded to liim." 
The macliinery having left England in Septembei^ 
L 
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1814, reached Peru in the early part of 1815, shortly 
after wliich one of the engines was at work in the 
Mint at Lima, within two years from the giving the 
order for it in England ; for in the early part of the 
latter year Trevithick wrote to one of his men : — 



"I am sorry to find by Mr. Uyille's letter that the Mint 
engine docs not go well. I wish you had put the fire under the 
boiler and through the tube, as I desired yoii to do, in the 
nsuitl way of the old long boilers, then you might have made 
your fire-place as large as you pleased, which would have 
answered the purpose, and have worked with wood 09 well aa 
with coal, and have answered every expectation. 

" I always told you that the fire-place in the boiler was large 
enough for coal, but not for wood, and desired you to put it 
under it. The boiler is strong enough and large enough to 
work the engine thirty strokes per minute, with 30 lbs. of 
steam to the inch. I hope to leave Cornwall for Lima about 
the end of this month, and go by way of Buenos Ayres, imd 
cross over the continent of South America, because 1 cannot get 
a passage ; none of the South Sea whalers will engage to take 
me to Lima, they say that they may touch at Lima or they 
may not, in the whole course of their voyage ; therefore, unless 
I give them an immense sum of money for my passage, they 
will not engage to put me on shore at Lima, and for rae to risk 
a passage in that way. and to be brought back again to England 
after two years' voyage, without seeing Lima, would be a very 
foolish trip ; therefore to make a certainty, I shall take the 
first ship for Buenos AjTes, preparations for which T have 
already made." ' 

The whole of the raacliinery having been sent off, 
Trevithick was prepared to make his way across tlie 
then little-known continent of South America in its 
broadest part, from Buenos Ayres to Cerro de Pasco." 



His departure was deferred from various catises until 
the 20th October, 1810, when he sailed from Penzance 
in tlie South Sea whaler ' Asp,' Capt. Kenny. 
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"Dear Sir, "I'enzaniie, 20ih Aagu*i, lei:. 

" I um enabled to furnish you witli a few particdan 
which led to the introduction of steam-engines into 8paiudi 
America, which you will embody into your interesting paps 
for our next Geological meeting, as yon deem most proper. 

" Captain Trevifbick was bom in lUogan, Cornwall, 1T71, 
but he has generally residcfl at Camborne, the adjoining |iah»h. 
He has devoted the greatest part of his life to mechauics and I" 
improvements in the high-pressure steam-engine, and msnj 
engines of Captain Trevithick's construction are now working 
in different parts of England, 

" Mr. Francisco Uville, a native of Switzerland, visited Liaa 
and the rich Peruvian mines in the neighbourhood of Lima, tl 
an early age, and being a gentleman of great inlelligenee, Ik 




thought it possible that the silver mines at Pasco, about 150 
miles from Limn, which were fast falling into decay for want of 
ma^-hinery to drain the water, might bo restored to their former 
celebrity by the introduction of steam-engines. 

" Mr. Dville, who is now about thirty-six years of age, came 
to Englimd in 1811, where ho continued a few months, and just 
as he was about to leave London ho observed by accident a 
model of a steam-engine, made by Captain Trevithick, at the 
Bho]» of a Mr. Koliind, Fitzroy Square, and Mr. Uville so much 
liked the simplicity of its constniction, that he immediately 
purchawitl it at twenty guineas. Mr. Uville returned to Lima 
with it, and tried it on tho mountains of Pasco, in consequence 
of which, on the 17th of July, ISl'i, Mr. Uville, with Don Pedro 
Abarlia und Don Jose Aresmendi, eminent merchants at Lima, 
were so eonfidtrnt of success, that they formed a company to 
drain tho mines at Pasco and its vicinity; and on the 22nd of 
August then following a contract was entered into by these 
gentlemen and tho proprietors of the mines in that district. 
Soon after which Mr. Uvillo was deputed by the company to 
return tu England and to find out some able engineer to assist 
tim in procuring proper steam-engines to be conveyed to the 



" Uville having put into Jamaica, came to England in the 
"Fox' packet, Capt. Tilly, and arrived at Falmouth early in 
I the summer of 1813. During the passage Mr. Uville frequently 
I 'talked of the object of his voyage, and thiit ho was particularly 
anxious to find out the maker of the model of tlie engine ho 
took to Lima, and recollecting that the name of ' Trevithick ' 
was on the model, ho mentioned it to a Mr. Teague, who hap- 
pened to be on board the packet, when the latter informed 
him that Cupt. Trevithick was his first cousin, and that he 
resided within a few miles from Falmouth. Immediately on 
Mr. Uville's arrival an interview took place between him and 
Capt. TreWthick, and soon after Mr. Uville removed to Capt. 
Trevithick'a house in Camborne, where he resided several 
months, during which time Capt. Trevithick instructed him in 
mining, machinery, &c. 

" Capt, Trevithick and Mr. Uville, after secuig most of ti' 
VOL, ir. 
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miiies in Cornwall, visited several otliet miniog vUstrictow' 
England, to afford Mr. Uville a better opportunity t»f jittjairin^ 
the beat knowledge of engineering by examining the steam- 
engines erected. Afterwards they went to Luindon, when Mr. 
UviUe was introdueed to a Mr, Ciimpbell, of the East Indid 
Company's department. Mr. Campbell informed Mr, Uville 
that the best engineers in Eimjpe were Messrs. Boalton and 
Watt, of Birmingham ; and strongly recommending them ti> 
him, he observed that he was eunvinced if engines could br 
made capable of being transported to the mines of Pascu soon 
the mountains they would be able to do it. Sir. Uville Mcoid- 
ingly applic<l to these gentlemen, and fully oxpliiined to Ouaa 
the nature of the engines which would be wanted, and the stair 
of the road by which they must be conveyed, and Messrs. Boutton 
and Watt returned on answer that it would be Lmpoasible t« 
make engines small enough to be carried ai-ross the Cofdillen 
to the mines. 

" Capt. TreWthick, however, was not startled at the diffi- 
culties, and having applied himself to the improvements of his 
high-pressure engines, entered into a contract with Mr. Uville 
to provide nine steam-engines for the conipiiny at Lima ; dhi. 
by virtue of the powers with which Sir. Uville was in^'esteiL 
Capt. Trevithick was admitted a partner of one-fifth in tl* 
concern ; besides which, for his great pains and serview lie lurf 
rendered, Mr. UviUe guaranteed to him a handsome pen-enugf 
on the profits of the company (vide Articles of Agreement irf 
8th.!anuary, 1814). 

" These matters being settled, nine engines were provided at 
an expense of about lO.CHH)/., and were shippe^l on board tbt 
' Wildman,' South Sea whaler, Oapt. Loith, who sailed boa 
I'ortsmouth for Lima the let Se]>tember, 1S14, acYsompoiiMd 
by Jlr. Uville and the following Cornish engineers, — TbooW 
Trevarthen, of Crowan ; Henry Vi\Tim, of Camborne ; and Wil- 
liam Bull, of Chacewater, in Gweunaji. 

" The engines arrived at Lima, and were received by a salnlr 
from the Government batteries, and the greatest joy was l«li- 
ficd on the occasion. 

'"tin the 27th July, 181(i, the first etcwm-ongim; was eel l" 
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work at SuntA Kosa, one of tho miuea of Pasco, uadfi lliu 
direction of Mr. Bull {vide despatch of that date, signed Jos^ 
G. de Prada). 

•' On the 2ath October, 1816, Capt, Trevithick sailed for 
Lima in the 'Asp,' South Sea whaler, Capt. Kenny, accompanied 
by Mr. i'lige, ft gentleman of London, and James Saunders, of 
Oamborue, an engine maker ; and on the Otli February, 1817, 
they arrived at Lima, where Capt. Trevithick was immediately 
intrixlui'.ed to the Viceroy by Don P. Abadia, and he received 
the most marked attention from the inhabitants (vide ' Lima 
Gazette' of 12th February). 

'■ Perhaps you will think it proper to notiee the furnaces 
which Captain Trevithick took out in the ' Asp ' to Lima for 
the pur])ose of purifying the silver by sulphur. A great exi)enBe 
will be saved by these mi;iuis. iVny further information which 
I can afford you 1 will readily give. 

" 1 am, dear Sir, 
" Your very obedient and hundile servant, 

" Rd. Edmonus. 
" H. F. BoAKE, Est)." 

This statement, frbm a solicitor more than fifty years 
ago, inadvertently points out the diflercuee between 
tho ateam-engine of "Watt and that of Trevithick. The 
former aaid it was impossible to make engines having 
the required power small enough to be carried to the 
mountain mines, whereas a small high-pressure engine 
by the latter bad sufficient power. 

Day and Page were lawyers advising Mr. Uvilie in 
London. Page sailed from Penzance with Trevithick 
and James Saunders, a boiler maker, in tho ' Asp,' 
a South Sea whaler, on the 20th October, 18HJ, just 
two years after the departure of Uvillo with the 
machinery and engines. The difficulty of conveying 
lieavy weights up the mountain foot-paths was almost 
iusurmoun table. 



Mr. Rowc, who weut to tlieso rallies in 1850, says, — 

" The Ocno de Pasco mines are about 17U miles from Lima ; 
we crossed a ridge ^5,000 feet high. The loines were about 
13,400 feet high above the eea. There waa but one road ; no 
wheel vehicle could be used ; eTerything was carried on mnkb 
Hometimes tlie road was only 2J feet wide, cut in preciinca 
three or four hundred feet perpeDdicular : some of the men 
were afraid to walk, and dared not ride. 

" I lived in tiie house that used to be Mr. Trevithick'a 
office and sloie-room ; it waa in the suburbs of tlie town of 
Cerro de Paaco. The shafts are some of them in the middle of 
the town ; several pieces of Captain Trevithiek's engine« Ibt 
about the shafts, and some on the way up, as though they lidd 
stuck fast, and Homu we saw at Lima. Mr. Jump, a dii^w 
on the mine, pointed out a balauce-beam that Mr. Trevilhii-k 
had put up thirty years before. Only one Englrshman then 
remaineti there who had worked for Mr. Trevithick ; he m 
called Sycombe, and said Trevitbick's men were an unmanage- 
able lot 

" The natives worked in the mines underground, Tbe 
atmosphere was only about 10 lbs. on the inch. We foniui s 
coal mine not far oft'; the quality was not vorj- good. The 
smiths had difficulty in welding with it. Our heaviest pieces iJ 
machinery did nut exceed 280 Iba. The worst parts of the 
road have been a little improved since that time." 

Just one month before Trevitliick sailed irom Pen* 
zance for Lima, the first pumping engine taken outbv 
Uvilie bad been satisfactorily put to work in the moim- 
tain mine of Santa Rosa, with its steam-cylinder weirif 
ing double the limit fixed on by modern engiaeere. 

The followiug information respecting the progrwj 
of the steam-engine fixed on the Santa Rosa Mines, 
one of the mineral ridges of Pasuo, in tlie Vicero\-alty 
of Poru, is extiact&l from the Government Gazettes irf 




Lima, dated the lOtli of August and 25th of ►''epteiiilier, 
1816:— 

"TROr.RESS OF THE STEAM-KXtllNK, \'c. 
" His Excellenaj fhe Viceroy of Peru to the Ediior. 
" In order to satisfy the eager expectiitions of the inhabitants 
of thia Viccroyalty, those of the greater part of these Amecicuis, 
and even of tJiQ Peninsulu itself, I hereby order the printing, at 
full length, in the next Uovemment Gazette, or at same time 
ill a separate sheet, the enclosed despatch from the iDtendast 
Governor of Tarma, giving the details of the admirable resitlts 
of the steam-engine fixed in the mineral territory of Pasco, for 
the moat important purpose of draining its mines, and for the 
extrat^tion of its rii-h ores. This authentic communication nuist 
proiluce the most lively and grateful sensations in those true 
SpanianLi, who with grief conti'mplated as irreparably lost the 
only sprinj^ from whieh flowed tlie prosperity of thia continent, 
excite their just acknowledgmenty to the meritorious co-ope- 
rators in Buoh an expensive and diffifult as well as eminently- 
ndvantageous enterprise, and encourage tu similar undertakings 
in other parts those wlio, with personal aptitudes and patriotic 
Bentiments, have bet-n waiting the final success i)f the first, 
"Joaquin he i.a Pezuela. 

" I.[MA, ill' AHgu»l. IHIH." 



'■ Ckrlifieate of the Deputation. 
" We, Don Domingo Gonztiles de Castafieda and Don Josi Lago 
y Lemns, Commissaries and Territorial Magistrates in this 
Uoyal Mineral Territory, and deputed by the United Cor- 
poration of Miners in this district, do hereby certify 
judicially, and as the law directs, in manner following : — 
" Though this deputation never doubted the extraordinary 
power of steam compressed, and consequently the certain opera- 
tion of engines worked by its influence, it nevertheless enter- 
tained some fears resiwcting the perfect organizat'f 
the mechanical powers of the ma^-hines. Tl' 
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rather than any doubt, has been completely dissipnte^l lijr- 
personal atteDdauce this day to witness the draining of tUe fitst 
pit, situated in Santa Itosa. The few iustants employed in the 
same produce a full conviction that a general draiuage of ttip 
niiuea will take place, and that Ibeir metals will be L-xtnictwi 
with the greatest facility from their utmost profunilily : as 
also that the skill of the curaimny's partners and ajrcuts «ill 
easily overcome whatsoever diflicultiea nature may oppose-, imtil 
they shall htive completed all the perpendiculars and levels: 
and consHquently that the meritorious undertakers who haw 
risked their property in the enterprise will be rewa«ie<l «ilii 
riches. 

"We and the whole Corporation of Slinere woiild do lint 
little were we to erect them a monument, which should Inui^itiil 
down to the remotest posterity the remembrance of an Hn■^^■^ 
taking of such magnitude and heroism ; but for the pn^seait «e 
will congratulate ourselves that our labours, co-o[M>ration, and 
fidelity, keeping pace in pertect harmony with the eierti«iarf 
the agents, the company may thus attain the full cttrnpletim 
of their utmost wishes, extracting from the l>owels of th*« 
prolific mountains, not the riehee of AmUcar's iuexhaiistiUe 
wells, not the treasures of the boasted Putosi in its happiest 
days, but a torrent of silver, which will fill all surroimilin^ 
nations with admiration, will give energy to commerce, piw- 
perity to this Viceroyalty and to the PeninsulR, and fill tin 
royal treasury of our beloved sovereign. 

" Thus certifies this Magisterial Deputation of Yaari»N-lu. 
the27lhof Jaly, 1816. 

'• DoMiNao Gonzales de Castaheda.. 
" Josfi Lago t Lemds." 

" Despatch from the Iniendanl Governor of the Proviiue of 
Tarma to Sis Excellency the Vteeroy. 

" Most Excellent Sik, " Pabix». 27'A jay, iskl 

" Having finally conquered the great difficulties consequeBt 
on the enterprise, though with immense and incessant labcni; 
and at an enormous expense, the object has been acnomptiahl^j 
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iif [Kirdmsiiig, im]mrtiiitr. 'itnl erwtiiif; tin: Hti'mii-oiifrinc in tlio 
celcbrutud rich aiid royid niiiienil torritiiry, oallcrl ' '1 lu' Mtmn- 
tains of Yauricoeiia,' in tliis province of Tarma, of wbich I have 
the honmir to be (lovemor, the chief and voluablti works of 
whicli have oeased to prodiiL-e ore, in consequence of tLeir bases 
being ccimpleteiy submerged in water, 

"The day is arrived when we witnena with admiration the 
ndvant^igeoiis and useful effects of the beftire-naraed steam- 
engine ; the completion (if the promises nmde by the geniTons 
and undaunted individuals who imited themselves to suiiply 
the funds sufficient for the realization of an enterprise so 
important, and t)ie fulUlment of the wishes of these valuable 
subjects, to render to the State the highest possible service ; a 
service, although at all times of extreme importance, at this 
orids is infinite; because the State, being weakened by a 
series of disastrous events for six years past, requires salutary 
remedies; and none exist so effectual its the re-establishment 
of the mines, which the steam-engines are achieving. 

"After some experiments, which (although they left no 
doubt of ultimate success in draining the mine) iliscovered 
some slight defects, these were corn cted on the 23rd instant ; 
tind this day the first of the four pumps which arrived for the 
use iif thi! rtiyal mines was erectetl in tlie particular mine callefl 
Santa llosa ; the result of its ojieratinn has been the exhaustion 
of the water from the well or hollow below the adit. In twenty 
minutes, by this engine, an aggregate of water is ejectetl 
amounting to 6 yards or 18 feet in diameter, 3 yards 24 int-hcs 
in length, and 1 yard 30 inches in breadth. In the same 
manner a second engine, accessory to that which drains flie 
water, is worked by the same steam, on the same {H)int, and in 
the same perpendicular shaft, from the surface of the earth, 
which extracts the ore, and with advantages hitherto unknown 
here, on at^connt of the c^msiderablc saving of expense and the 
e<xmomy of manual labour. 

" The steam-engine will continue evacuating the water from 
the pit imtil it is reduced to C yards below the old adit, whence 
tboy must eject the wati^r raised by the engine by a cont' 
ehmgation of the barrel of the pump gaining depth, unt'" 
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have completed the number of yards required, or-until the pro- 
gross of the work iudicates a proper eituation for funuing a new 
line of levels and channels of commuiiicAtiun to thoee mines 
which are not yet dniincd. In proportion to the ewxesare 
acquisition to these subterranean worts which are daily ad- 
vancing, will be the increased operations of the mines, ami 
consequently the increased prosperity of the mining intcfcst, 
which had most astonishingly fallen from the degree it had 
attiiined in former years, 

*' In a short time, similar effects wiU be seen in the three 
remaining mineral ridges of Yauricoeha, Caya, and Yanacunchi, 
productive of ores of a better quality than that of Santa Rt^ti, 
which has nevertheless obtained the preference for the efcction 
of the firat engine upon it from its being more abundant in iu 
peculiar produce, and on account of the greater number of 
persons interested in this property; as also its contributing 
immediately to relieve the necessitouR, by employing the woii- 
men in the vicinity of the mines. In my opinion, no event so 
beneficial has occurred m the erection of the steam-engiiu?, 
since the discovery and addition of these dominions to tlic 
crown of Castile. From this time, by the help of tLese 
machines, immense and incalculable riches will accniB to tlu 
nation. 

" God preserve your Excellency many years, 

"Jose Gonzales de Phada." 

" The Viceroy's Answer, 

" Lima, 5(A Aagnit, 1918. 

" Your Lordship's official despatch, No. 8il8, the 27th of tut 
month, communicated to me the satisfactory detail of the com- 
plete Ffsults which you witnessed on the iiSrd and 27lh, pro- 
duced by the grand steam-engine placed over the mine of S«nt» 
Rosa, one of those situated in the mountains of Puaco, for the 
purpose of draining the mine and extracting the ores. 

" I desire particularly to distinguish and patronize the chief 
agent and assistant, Don Francisco Uville ; the generous pri>- 
meters of the undertaking, Don Pedro Abadin and Don Joa 
Arismendi ; their agents and assistants, Don Luis do Landavem 
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ami Don Tonias Giillegns; ami lastly, Mr. Bull, ami uU those 
associate*] in tliis great work, whom you reconmiend to my 
notice. Your LordBliip, by having exerted yourself to facilitate, 
by all the meaue which your zeal and authority eould procure, 
the hapi»y consummation of so profitable an enterprise, has 
added u new claim Ut the many preceding wliich you possessed, 
to the high consideration of the king and the public. 

"JoAQlilN DE LA PeZDELA, 

" Viceroy of Lima." 



Extract from the 'Lima Qazeiie' qf the 25th of September, 1816. 

" We have the satisfaction of communicating to the public. 
the information that the company for draining the mines of 
Pasco have just received accounts from their agents in that 
mineral territory ; and they promise for our next Gazette a 
description of the state of the works for fixing the remaining 
three engines. — Editok. 

" Cebbo, Sfptetnher ;0(A, 1810. 
" ' After having observed the progress of thu machine at the 
Santa Eosa Mine last Saturday, the 14th instant, at 10 o'clock 
at night we began to act ; at 11 o'clock the pitmen went flown 
to clear the shaft, an<i have not since ceased working an 
instant. The clearing of the mud and rubbish which had 
remained at the bottom of the shaft, and clogged every moment 
the buckets and sucliers of the engine, lasted till Wednesday; 
but this being accomplished, nt 12 o'clock at noon they began 
to break through the level. At half a yard below the shaft we 
found a lively coppery ore, with its particles of silver. This 
bronze-coloure'l ore indicates that the veins of Yaurieocha and 
San Diego incline to the west, or towards the Santa Rosa Jline. 
The mines in the vicinity of this pit are all dry. Some of them, 
at the distance of 300 yards, in the ridge of Santa Rita, have 
also felt it« effects; and even iis far as the territory of Caya, 
behind our steam-works, the waters have fallen iu sevend mines. 
"Don John Vivas has begun to work in San Diego Mine, They 
are also goiug next Monday to begin working in several points 
of the Santa Rosa Mine. The pit is already 8 yards in depth, 
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and we are pniefcMliiif^ with the grwitest aotivity. The 
are relieved every two liours, and as they go out they give u]> 
tlioir tooltt to thoBi^ who succeed them, by whieli means nnt a 
minute ia lost. Continuing thus, in the course of a iiioulli m- 
shall be at more than 20 yards depth, and have many mine^ in 
full activity. The winding engine raises a btisket (which i» a 
load) in two minutes ; the draining or steam-en^Uif, with !«'> 
vibrations per minute, keeps the surface always dry. Rrtb 
work with the greatest ease, certainty, and regularity. 

"'By dint of aearcljing after a vein of eiial, we have at la«t 
found one near at hand, of excellent qimlity and of groat riclt- 
nesB. The pit we are now at work at is at the distance of a quarter 
of a league from Kancas, and at the same distanre from VisU 
Alegre which the Cerro is from these works. We have likewiw 
found a vein of plumbago, which was an object of search, im thf 
supjrasitiou that it was coaL This substance, of which mnrh 
is consumed, mixed with grease, to soften the friction of the 
piston, &c., we have now here ; and thus the necessity of sendinfr 
to Lima, or perhaps to Europe, for it is obviated.' " 

Witliin six months of the setting to work the pump- 
ing engine in Santa Rosa, another pumping engine was 
at work at Yanacancha Mine. 

The following extracts from the ' Lima Gazette' 
were published in tlie Cornisli pojiers bv Mr. 
Edmonds : — 

"From the Government Gtaette of Lima, 12/A Feb., 1817. 

" We have had the pleasure of receiving a letter from Vatea, 
dated 6th instant, containing the foUttwing account : 

" The second engine established in the mine called Yaniicancha, 
which is far superior in point of beauty, convenience, and «»> 
to that called Santa Rosa, was set to work on Friday last, and 
notwithstanding the great quantity of water which filtered inlc 
this mine the engme with only half its power drained the iniw 
completely in nine minutes. This filtration did not happen is 
Santa Rosa, on account of the quantity of hard eoiiper ow « 
which the engine is sitnated. 
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" By this BuocesHfuI oijeration, the wat4?r in scvoral iiiinus lias 
been lessened cunpidonildy, amongBt which in jMrticiilar is that 
belonging io Don Jnuii Vivas, sitnat^ in the hill called Chuca- 
rillo, which at present afl'ords ore of iOO niarcos per caxon 
(50 cwt). Of this ore about 25 lbs. has been received in this 
city, witli a proof of 2 lbs. made in Paeco, showing not only the 
richness of the ore, but its easy extmction and cleanness for 
the ready refinement of it. And another pr(K>f has also been 
received from another mine, situate in Chucarillo, belonging t*) 
the widow Mier, in company with Don Joachin Aitola, which 
yields 100 marcoa per caxon of 25 cargas. 

" To this agret'able news we ought to add that at the arrival 
of the whaling ship ' Asp,' Ixiund irom London, having on board 
a largo (|uantity of machinery for the Koyal Mint, and for the 
constructing of eight engines more, equal to those in Pasco, 
with the advantage that they are of the last patent and mure 
easy to be worked; but what ia of greater importance is the 
arrival of Don Bicardo Trevithick, an eminent professor of 
mechanics, the same who directed in England the execution of 
the machinery now existtjjg in Paeco. This professor can, with 
the assistance of the workmen who accompany him, construct 
as many engines as are necessary in Peru, without any need of 
sending to England for any part of these vast machines. The 
excellent character of Don R. Trevithick, and his ardent 
desire for promoting the interests of Peni, recommend him 
in the highest degree to public estimation, and make us hope 
that his arrival in this kingdom will form the epoch of its pros- 
jierity, with the enjoyment of the riches enclosed in it, which 
could not be enjoyed without this class of assistance, or if the 
British Government had not permitted the exportation from 
England, which apjieared doubtful to all those who knew how 
jealous that nation is in the exclusive possession of all superior 
inventions in arts or industry." 

8o far everything promised success. Two piimpiug 
engines bad eo reduced the water in two of the mines, 
that the miners were at work, and the people of Lima 
iieh'eved that many more such engines would be usefully 



eraployeJ, now tliat Don Hicaido Trevitliick was with 
them. 

"Dear Sip, "Luia, fVfcrtw-y lot*. 1817. 

"Wo arrived here last Saturday in good liealtli. Th* 
(our) Mint is at work, and coined five millions last y«ir, vai 
in their way of working doe« very well ; but 1 trust to raake 
it coin thirty millions per yejir. 

" Two engines are drawing water, and two drawing ore, at the 
mines, but in an imperfect state. If I had nut nrrivc-d, it duuI 
have all fallen to the ground, both in their iniuiog and in tfaeu 
engines. I expect we shall go to the mines in about tt^'O dnyi, 
&om where I will write to you every particular. 

" There are still two engines to put up for lifting wjilfr, awl 
two for winding ore, and those at work to be put ta rights. They 
are raising ores from one mine which is immensely rich, oA 
from what I can learn, a much greater quantity will be got vp, 
when the whole are at work, than these people have any itlet 
of. Several other mines will also be set to work by oiginea 
that we shall make here. We have been received with mvtj 
mark of re8[)ect, and both Government and the public aw n 
high spirits on account of our arrival, from which they eipKit 
much good to result. 

" Mr. Vivian died the Iflth of May. I believe that too mnrh 
drink was the cjiuse of it. TJville. I think, wisheil him gotn-. 
and was in great hoi>e that I shoultl not arrive. His cundad 
has thrown down his power very much, which ho never cao 
again r«over. 

" They all say tliat the whole concern shall be put entirely 
under ray management, and every obstacle shall be removed ont 
of my road. Unless this is done, I shall soon be with you in 
England. I am very sorry that I did not embark witli the fint 
cargo, which would have made a million difference fo the com- 
pany, The first engine was put to work about three montlu 
since, the other about two months ; but they are as much at ■ 
loss in their mining as in their engineering. The Mint islbr 
property of our comjiany, and Govemmeut iwys us for coiuin?. 
which gives us an immense income ; the particulars nf whifh. 
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anil th(! liharL'a in tlie mines, I liuve not yet gone into. I sliall 
be short in this letter, because I know but little as yet, and that 
little I expect Mr. Page will iutbriu you. A full auooimt you 
shall have by the next ship, which I expect will sail in three 
weeks. This lettt-r goes by a Spanish ship that will sail this 
afternoun for Cadiz. My respects, and gixHl wishes to your 
family and to Mr, Day, and hoije this will find you all as hearty 
as we are. 

" Mr. Page would not depart this life under the line, as he 
promised when at Penzance ; but, on the contrary, has a nose as 
red as a cherry, and his face very little short of it. Hia health 
and spirits far exceed what they were in England. I am glad 
to have such a companion. With .... think he will have no 
reason to repent .... Ho will get a command at Pasco .... 
such as his ingenuity may find out, when on the spot ; whether 
as a miner or an engineer I cannot say, bnt time will show. 

" If you have not insured my life I would thank you to do it 
now, if you can on reasonable terms. I do not wish them to 
take the risk of the seas in the policy, because the voyage here 
is over, and on my return I hope 1 shall not want it, therefofe 
it must be for two years in the country. I will get a certificate 
of my health, if they wish it, from the moat respectable 
inhabitants, and also from the Vice-king, if they wish it. Tho 
poliey may be drawn accordingly. 

" Be BO good as to write me often, with all the news you can 
collect. If you wish your dividends in this company to be 
applied to fui-ther advantage in any new mines I may engage 
in, in preference to having it sent to England, I will, as the 
dividends are made, do everything in my power to improve the 
talent. On this subject I must have your answer before I can 
make any new arrangement under this head. I will thank you 
to send a copy of Mr. Page's letter to my wife ; I mean such 
parts of it as belong to the business ; there may be some things 
that 1 have forgotten to mention. 

" I remain, Sir, 

" Your humble servant, 

" EicUD. Thevithiok. 

"Mb. Jambs Sairn, limekiln L'ine, Oremwich." 





In the L'arlj part of 1817 four engines were 
work in ihe rainea, two pumping water and two raising 
the ore; while a fifth engine wan coining in the Mint 
at Lima. Trevithick believed that he could much 
improve the engines and the mining, and that it wouIJ 
he necesaaiy and practicable to arrange for the con- 
struction of engines in Lima; for though death anJ 
dissension had caused difficulty, the authorities were 
still prepared to give him full power. 

A strange defect in his character is evidenced iu 
this letter. He wished his life to be insured for the 
benefit of his wife and family, but never thought i>f 
paying the yearly insurance premium, leaving it il>r 
his wife to pay, whom he had left, as far as he knew, 
penniless in England. 

On his sailing from Penzance, he told his wife thai 
he had paid the house-rent for a year in advance, 
mentioning the sum. At the end of that time a demand 
was made on Mrs. Trevithick for a year's rent, being 
a larger sum than her husband had mentioned as the 
proper rent. It turned out that Trevitliicfc had taken 
and paid for the house at six-monthly periods, instead 
of yearly periods. It was in the ssime street, and but 
three or four houses from that occupied by the parent! 
of the eminent Sir Humphry Davy. 

A person pressed liim for payment of a bill. Trevi- 
thick «aid, " Give me your bill," and writing on the 
bottom of it "Received, Richard Tre\'ithick," handitl 
it back to the claimant with " Now, will tliat do for 
you ?" The payment of the life insurance obliged Mrs. 
Trevithick to part with her personal projierty. nn 
which she had counted for support during her busliand's 
absence. This inability to see the necessity of roelhod- 
ical action, when working with others, and utter dwrfr 




gaid for hoarded money, caueed him to be a somewhat 
unmanageable partner, though his genius never allowed 




liim to sink; and in November, 1817, he wrote a letter, 
of which the following is an extract : — 



" There ore also mumerieB beyond numlier, uiid in thuae 
places no mule is ever suffered to put his foot. Through one of 
the most noted runs a waterconrse, which works the Mint ; and 
Mr. Ahiidia has re|>etttedly made all the interest he (lould to be 
admitted, for the purpose of iiisiiectiug it, but could never g 
a grant. The Miait behjngs to our engine concern, and i 
coins about tive milUonH per year. We have a coutract t 
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Governmunt fur making iill llm luiu, both gulil and silver, 
which gives an immense profit ; and itij there must aav be 
coined six times as much as before, I must build Dew water- 
wheels to work the rolls which we took with us from EngLmd. 
It was on this account that I wished to examine the watercourse 
for this purpose, without the knowledge of Mr. Abadia or anyoiw 
but Mr. Page and the interpreter, who always attends me, I 
walked up and knocked, in my blunt way, at the nunnery cotm 
door, tciilwut knoioiitff there were any ohjeeiiona to admit men ; A 
was opened by a female slave, to whom the iuteri>tct4?r told my 
name and business. Very shortly three old abbesses made Uieit 
appearance, who suid I could not be admitted. I told them I 
came from England, for the purpose of making an addition tii the 
Mint, and could not do it without measuring the watcncoursc; 
upon which a council was held amongst them ; very soon ne 
were ordered t« walk in, and all further nunnery nonaense w» 
done away. We were taken round the building an<i were fhan 
their chapel and other places without reserve. 

" Uville knewHothing about the practical part of the eogisn 
and Bull very little, therefore you may judge what a nr^cW 
state this great undertaking was in before my arrival ; no one 
put any confidence in it, and believed it was all lost, togetbei 
with five hundred thousand dollars that had been expemlcd lo 
it. The Lord Warden was sent from Pasco to offer me protecM 
and to welcome me to the mines. They have a court over the 
Dunes and miners, the same as the Vice- Warden's Court ia 
England, only much more respected and powerful The "Vieenw 
sent orders to the miUtary at Pasco to attend to my call, ud 
told me he would send whfitcver troops I wished with me. 'Hie 
Spanish Government and the Yice-hing since my arriviU a» 
quite satisfied that the mines will now be fully carried inU 
efi'ect, and will do everything in their power to assi^ me, Ai 
60on as the news of our arrival had reached Pasco, the bells taiifr 
and they were all alive down to the lowest labourin-' miner, 
and several of the most noted men of property have arrived 
here — 150 miles. On this occasion the Lord Warden has pnf 
posed erecting my statue in silver. On my arrival Mr. Uville 
wrote me a letter from Pusco, expressing the great pleasure be 
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hart in heftring ol' iny urrivul, aint at the same time he wrote t<) 
Mr. Ahtulia that ho thiiught Heaven had sent me to them for 
the good of the mines. 'I'bo wiit^r in the mines is from fo»r to 
five strokes per minute, 

" Tell the members of the Geologiwil Bociety that Mr. Abadia 
is making out a very good collection of specimens for them, 
which will be sent by the first opportunity ; and mon Hftcr 1 
arrive at Pasco I will write them very fully." 

After Tfevitbiek's death, in 1833, casta were taken 
from tlie head, and busts presented to scientific societies 
were thankfully received, with the single exception of 
his near ntighbours at Penzance, who, under the name 
of the Royal Geological Society of Cornwall, refused it. 

Mr. W. J. Henwnod, who had frequently drawn tlie 
attention of Cotnishmeu to Trevithick's engines, being 
about 1870 President of the Royal Institution of Corn- 
wall, presented to it a bust of Trevithick, which was, 
admitted within its walls. 

In 1819 Mr. R. Edmonds forwarded to the 'Corn- 
wall Gazette' news from Lima, from which flie follow- 
ing is extracted ; — 

■ *' We have much [ileasiu-c in stating that account* have 
lately readied England from Lima, giving the satisfactory 
intelligence that our countryman and able engineer. Captain 
Trevithick, was in February last in good health, and sujicr- 
intending the rich and esteusivc mines of Pasco, 

"Don Francisco Uville, a S]janish gentleman, having, with 
Don Pedro Abadia and otliora, formed a rompauy to drain tho 
mines of Pasco, unfortunately for Captain Trevithick, F. Uville 
was anxious to impress his countrymen with an opinion that it 
was solely owing to him that steam-engines were firnt introtiucetl 
into the silver mines of South America; and notwithstanding tho 
obligations he was under to Captain Trevithick, he sought every 
opportunity, soon after Captain Trevithick's arrival at Pasco,*to 
oppose him, in claiming to have the direction of the mi nea. 

VOL. IT. 
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" C'aptdin Trevitliick, knoviug but little of the Oiouut 
disgusted with the treutment he received from Uville and ll» 
party he had formed against him, amongst whom was n gest 
who hod lately arrived trom England, retired &om tlte ooncera, 
and proceeded on other important diacoveriea on his okh 
account. 

"Things remained in this stat« imtil August, 1818. «hMi 
Uville met his death, in consequence of the cold peuetrHting 
air of the Cordilleras on coming out of the mines in a stmnf 
perspiration. Mr. Abadia and his friends were then imdeitlie 
necessity of soliciting the aseistaoce of Captain Trevithick. Un 
condition of his having the sole direction of the mines, he iras 
prevailed upon to accept the situation which hud Vieen liist 
moat faithftdly agreed he should have had ; an<l when lie 
accounts last left Lima in February, Captain Trevithick had hta 
five months at the mines as the chief superiutondent, TV 
mines are represented us being in the most prosperotts statf, 
and likely to realize the sanguine expectations of the shue- 
holders. Sir. Bull, an engineer from Chacewater, who )(A 
England with Uville, died at Paaco about t«n months sauce.' 

When this was written, Trevithick bad been twn 
years in the country, and found the inimenae diflSculties 
of tlie undertaking increased by jealousies and joblxne.*. 
Mr. Uville was no more, neither were Vivian or Bull: 
but one man remained alive out of the four who had 
Bailed from England with (he first cargo of machincn. 
In AiiguBt, 1818, Mr. Abadia, who fi-om the first w« 
a leading authority, requested Trevithick to take iipou 
himself the sole management of the niiues, where ht 
continued until April, 1819, ae shown by the fullowing 
extract from Captain Hodge's journnl, supplied bv mj 
friend Mr. Charles Hodge : — 

"The first time they met was at Lima, on the 26tli April | 
1819, at Dr. Thome's; your father had just come dimii (tern I 
the Cerro de Pasco mines. On the 8th May following, I lin^f 




my father witnessetl the hanging of three men for killinij: twu 
of your fiitber's men, named Judson and Watson." 

Mr. W. B. Stevenson says:' — 

" The Mint was estahliBhed in Lima, in 1565. The machinery 
was formerly worked by mules, eighty being diiily employed till 
the year 1817, when Don Pedro Almdia, being the contractor 
for the coinage, Mr. Trevithick directed the erection of a water- 
wheel, which caused a gretit saving of expense. In the year 
1817 two Englishmen, sent from Pasco by Mr. Trevithick (who 
aftPrwards followed with the intention of working some of the 
silver mines in Conchucoa), were murdered by the guides at 
a place called I'uloseco. This horrid act wan [»erpetrat«d by 
cruflhing their heails with two large stones, a» they lay asleep 
on the ground. The murderers were men who had c^me with 
them from Pasco. 

"1 have heard Mr, Trevithick say, that on shaking hands 
with the men who «'ork in thosequicksilver evaporating rooms, 
drops of quicksilver show themselves at the Jingers' ends, and 
that the workmen wearing shoes take them off' before leaving 
the work, to pour out any quicksilver that had oozed through 
the pores of the skin, which had been respired in the floating 
state of vapour. The men so employed tell a sacritioe in twelve 
or eighteen months." 

Trevitbick's experience in applying the force of run- 
ning streams was turned to good account in giving an 
economical helpmate to the steam-engine then at work 
in the Mint. Miers says:' — 

" Another instance o<.'curs in the iinfortimately ruinous result 
and lamentable ill-treatment of tho persons engaged in the 
attempt to introduce Euroijean improvements and British 
machinery into the grout silver-mining district of PasfX) (Cliili), 
in which was engaged one of our most celebrated engineers, a 
most able nieclninic, to whom the grand imjirovements in our 

' Sw *HFi(loricul Bnd Dcscriptivo Niirrative i>( 'twenty Ywirs' Benicleiici' iu 
South Aropriea,' by W, B. Stevenson, publiaheil 1842. 

* Si'e Miers' 'Traveli in Cliili nnj La PUto,' puVajiihed 1820. 
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Cornish mines are chiefly indebted — I mean Atr. Uichartl 
vithick. Trevithick was induced to furnish the machinenr at 
an expense of 3(JU0Z. sterling, iijkiu condition of lieing !i<liiuttotl 
H partner in the amount of ]2,0UU dollars in the Juiut kIocI; trf 
the company, and entitled to a ehase corresponding to the 
capita empluyeil. This share was calculated ot a fiftli. Tre- 
vithick, betore he embarked for Pern, divided liis interest in 
the concern into 320 shar<.;s, each representing 38 dulUrs, anil 
these were sold in the market for 125/. sterling each ; some fet 
were sold for HiOl. cash. 'Hie success of the engines gave U> 
Dome of the persons interested much confidence, who eonciund 
they could miw do without the management of the iugeuioiu 
Trevithick, Every jjossibio obstacle was therefore thrown in hij 
way by those who, from motives of jealousy, wished tt> g»^t rid of 
him. The persons to whom Tre\'ithick's and other ehan^ had 
been sold in Ixmdon. sent out to Limn an agent, whose duty il vat 
to k>ok after their interests in the concern ; but as it was found 
a much larger sum would be necessary for carrying the eater- 
prise into effect than had been calculated, a collision of intenWs 
took place ; coniphiints were made on all sides as to the delays 
anil cxpensoa which those who did not comprehend the aluiusi 
iuHurinoun table difficulties of the undertaking nttrihuteil to 
niismanagement and carelessness. Tlie greatest share of oppw- 
brium fell unjustly uimju Trevithick, who, being a mail of gtMl 
inventive genius imd restless activity, was at length completely 
disgusted, and retired from the imdertaking. He left f'asco, 
although Abadia offered him SUOO dolhirs per annum, t<^ether 
with all his exi>enses, if he would continue to superintend the 
works ; on no conditions would he consent to coutfnd with the 
jejdousies and ill-treatment of the persons with whom he hwi 
ta deal. He soon after entered into spectdatioug with some of 
the miners at Conchucos, fur whom he constructed grindii^ 
mills and furnaces, with the view to substitute the proces trf 
smelting for that of amalgamation in silver ores, in whivh nil 
pursuit he became a considerable loser." 

" Mr DEAR Sill, " BoDMlM, A'ovnnber 3rrf, I8«i9. 

" Forty-seven years are now passefl since I had th« J 
great pleasure of meeting ynur fatlicr in Peru, and I hit 
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vivid remenitraut^e of the gratificatiou afforded to my meas- 
matea w lien he came to diiie witli us on board H.M.S. ' Aurora,' 
then lying in Calluo. I wns then a lieutenant of that beautii'iil 
&igate, and was introduced to your father by Mr. Hodge, of St. 
Erth, with whom I had become acquainted in Chili. I remem- 
ber your father delighting ua all on board the * Aurora ' by hia 
striking description of the steam-engine, and his calculation of 
the 'horse-power' of the mighty wings of the condor in his 
jjerpondicular ascent to the summit of the Andes. Your father's 
strong Cornish dialect seemed to give an additional churm to 
his very interesting conversation, and my messmatea were moat 
BDxious to see him on board again, but he left shortly after for 
the Sierra. 

" The Pasco-Peruvian mines were those which your father 
was engaged to superintend before he left England, and he had 
actually managed, by incredible laltour, to transport one or two 
sleiim-engines from the coast to the mines, when the war of 
indepi-ndenee broke out, and the patriots threw moat of the 
machinery down the shafts. This fearful war was a deathblow 
to your father's sanguine hopes of making a rapid fortune. 
About u year after this terrible disappointment (I think in 
1822), the ' Pan Martin,' an old Russian fir frigate, purchased 
by the Chilian Government, simk at her anchors in Chorillos 
Bay, ten miles south of Callao, and your father entered into an 
engagement with the Government in Lima to recover a large 
Biunbor of brass cannon, provided that all the prize tin and 
copper on board which might be got up should belong to him, . 
This was a very successful sjieculation. and in a few weeks your 
father realized about 2500/. I remember visiting the spot with 
your father whilst the operations were carried on, and being 
astonished at the rude diving bell by which so mueli property 
was recovered from the wreck, and at the indomitable energy 
displayed by him. It was Mr. llodge, and not I, who then 
urged in the strongest manner that at least 2000/. should be 
immediately remitted to your mother. Instead of this, he 
embarked the money in some Utopian scheme for jiearl fishing 
at Panama, and lost idl ! 

'- 1 had the honour of dining with Lord Dimdouald o& boanl 
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" Believe ii 



I - 

^H the oriizy frigate ' Esmerolila.' wliicli cnrriod hU flag in Callao 

^H Biiy. but I never Lean! of the gidlunt comluct of your father 

^H in Hwimmitig off to his ship and advising him of an intended 

^^1 BrSsamiuntion. I (nm'y that this must have M-<-urreil before I 

^^1 came on the stiitiiin, probably in I^20, or 1821. 

r 



" My dt:air t'ir, 

" Very sincerely yuurs, 

"James LiuoEii." 



Trevitliick's floating caisBons for the eiinkeii ehipcrf 
Margate Bay in 1810' were similarly applied in I82I 
iu the Bay of Callao. In Lima lie became acquainted 
with Lord Dundonald, whom he warned of a plot on 
his life, discovered in his friendly intimacy at the 
residence of President Bolivar, Those two remarkable 
Englishmen were alike in their daring invt;ntivene«. 
and not unlike in face and person. 

We have traced Trevitliick's steps from his landingit 
Lima in 1817 to the destruction of the mine ruacliinerr 
by the civil wars, and his departure from there about 
1822. But one link in the chain has been newly 
lost. During some portion of those five years le 
visited Chili, and set to work mines which are stiH 
producing large and profitable quantities of copi«r. 
The late Mr. "Watt-rs, an eminent Cornish miner, wbo 
for many years managed some of tliese mines in tte 
neighbourhood of Valparaiso, said that TreviOiick's 
name was better known to the miners there than to the 
miners in Cornwall. This statement was made in the 
Dolcoath account-liouse at a public meeting, the speaker 




' In 1834 the wriUr wns employed 
at a marine engine works in London, 
And made *rori(tng drawings for a 



«cbeme uf Lord DuodunnM'a, obo ea- 
presapd gre«t pleasare in meniug U* 
son ofhisfild frimd. 



aud the writer being both on the committee of manage- 
ment. 

Simon Whitbiirn, of St. Day, informed the writer 
that at Copiapo and at Coquimbo he had seen large 
heaps of copper ore, apparently unclaimed, which the 
people said had been raised by Don liicardo Trevithick. 
About 1830 a miner, returned from South America, 
made a claim for wages for watcliing mineral left behind 
by Mr. Trevithick. 

To further illustrate this history, we have a report 
■written by himself: — 



" Meinora7ida regarding ike Copper and Silver Mine of ' ' * *. 

" In 1814 an arrangemiint was made between the minors of 
Peru and myeelf for fumisLing them with nine steam-engines 
and a mint, to be executed in England and erected in the mines 
of Pasco; and in October, ISlti, I sailed from England for that 
country, for the express purpose of taking the management of 
those mines and erecting the maehinery, being myself a large 
proprietor of the same. The Giovemment of Peru ivaa at that 
time subject to old Spain, under the immediate superintendence 
of a. Viceroy. The machinery having been erected, and its 
sufficiency for the intended purpose of draining the mines 
having been proved to the satisfaction of all parties, there was 
granted to me a special passport by the Viceroy, for the purpose 
of travelling through the coimtry to inspect the general mining 
system, and to make the native miners acquainted with the 
English modes of working. In return for which (Sovemment 
conceded to mo the privilege of taking possession for my own 
benefit and account of such mining spots as were not previously 
engaged. In tliis way I travelled through many of the mining 
districts, and idthough I raet with several unoccupied spots 
which would have paid well for working, yet, being a consider- 
able distance inland, and requiring more capital to do them 
justice than I could then advance, I abandoned for the U 
ideas of undertaking them. 
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" To this, indeed, there was hut one eseeiition, ami that wa*« 
uupper and silver mine, the oks of whieb are imiformly united, 
in thn province of Caxatambo. 

*' When the patriots arrived in Peru, the mine was deseitod 
by all the labourers, in order to avoid being forced into the amf. 
In this state it remained for a considerable time ; bat on tfc» 
Spaniards retreating into the interior, I reoommeneed w'trtii^; 
and to secure my right to this mine under the new Guvemmwl 
I at the same time transmitted a memorial and petition to the 
established anthorities, accompanied by a. plan and di^scnptiia 
of the mine, the result of which was the formal grunt, as «■ 
hibif«d in the Spanish document now in your jmssesi^uo. It 
was not my good fortune to be allowe<l t<» follow up my plutiL 
which almost warranted a certainty of snwess. I had Bi^arwl; 
commenced a second time when the Spaniards rpturned, and 
everyone again was obliged to fly. The country, a^ b »df 
known, continued for a long time in a most distracted statiNaal 
I was ultimately compelled to quit that jwirt of I'eni, robbed t/ 
all my money, leaving everything behind me, miners' tools tai 
about SOOOi. worth of ores on the spot ready to be cturied to 
the shipping port. Numerous as my misfortunes had baeaiB 
Peru, and heavy as my disappointments, I ielt none so sensiUT 
as this, because it was an enterprise entirely of my own crtntiuB, 
and so open to view that I was enabled to dilcnlate at • 
certainty the immense value contained within the extrrul 
circle where the cijpper vem made its appearance in ihe capirf 
the mountain, and to be obtained without risk or capiUiL 
However, revolution followed revolution, and the war ai3i>mTf<l 
to me to be interminable. Even Bolivar's arriviJ at LimuimtdF 
it still worse, for he forced me into the army, with my pttiperti. 
which is not i»aid to this day, to the amount of gt20,0(K); «iil 
at his urgent solicitations, disgusted as I was with what I hid 
seen and sullered in Peru. I determined on quitting it for* 
time at least, and on \ isiting Colombia. Being at (juavaqnil 1 
first heard the name of Cosia Bica and its recentlv-discormd 
mines, and having no doubt of the authenticity of my informt- 
tion, I immediately proceeded thithef instead of gtiin^ l* 
Bogota to carry liolivar'K orders into execution, not havii^ 
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Iteeii paid. This sliurt iligresaion you will cxcuso, us it points 
U> the causes of my sepiiration from a i)roperty of so iniich 
value, as I consider tlie mine of * ■ ' * ". Thirty years ago 
the neiglibourliood of ■ " • * was famous for its silver mines. 
At tiie loot uf the copper liill, ou a fine stream, lue two sets of 
works on a most extensive scjile, which were carried on on account 
of the Spanish Government. The silver was found in lead 
veins, which are very large and numerous all around. The 
soil is very rich, and tlie climate as good as any in the world, 
wheat and Indian corn both growing round the mountain. 
Provisions and wages are low, the latter Is. per day, imd ihere 
are about 20,000 inhabitants within three miles. \A'ood for 
smelting and other purpjses is abundant on the spot. 

"• " • * is * * leagues from Lima; the port of " * • ■ 
where the ores are to be shipped, is 37 leagues north from 
Ijima ; and • * • • copi>er mine " " leagues back in the 
oountry east from this port, a good road for mules and plenty of 
them. The miners contracted with me to break the urea and 
deliver them at the siirfuee for 4?, per ton, which was double 
what I ought to have paid ihem; the farmere likL^wise con- 
tracted t« carry the ores to the port at the same rate, which 
ttomes to sixpence a league fur each mule cargo. But even 
at present wheel-carriages might travel over a large proportion 
of the road, and a small outlay would make it a carriage-road 
the whole distance, and then the exiMsnse of carriage would be 
diminished more than one-half. Taking it, however, at what it 
cost me, the whole expense on the ores delivered on b<jard 
would not amoimt to iH. a ton, and as I conceive the freight 
to England would not exceed 4/. a ton, the total cost would be 
131., but say 15/. a ton. Its value in England would be above 
80/. a ton. At the time I worked I intended to have sent 
300 tons of ore to England, for in the then disturbed state of 
the cimntry it would not have been prudent to risk myself on 
umelting works. I think it will ultimately be found preferable 
to smelt on the spot, but the course I should recommend in tie 
xaeantime would be to send out two practical mbers to direct 
and superintend the natives, who o ' by 

uontract to brn-nk and raise the O' 
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Ill tLiii oific' uu eret;ti(ins whatever hoiiIJ be wnntt-<l ; nothing 
liiit iiUmt 70/. worth uf lubourers' tools. 
•' I remain, Sir, 

" Your very humble servant, 
(Signed) " Uichard Ti:EVtTHi*K." 

Tlie foregoing undated report was written after liis 
relurn to England from Soutli America. The Viceroy 
granted him a special passport through the countrv, 
that he might give general instrnctions to the workeps 
of mines, with the right to claim any mineral spot for 
his own working not under grant to others. 

He often spoke of his discovery and working of the 
great vein of copper ore in Caxatjimbo, estimated to 
contain copper worth twelve millions sterling, the 
working of which was prevented by the frequent revo 
hitions and unsettled government of the country; ami 
of residing for months with Bolivar, at that time the 
Bepublican Governor of Peru. 

Bolivar's cavalry were short of fire-armp, Trevithick 
Invented and made a carbine with a short barrel of 
large bore, having a hollow frame-work stock. Tlw 
whole was cast of brass, stock and barrel in one piece, 
with the necessary recess for the lock ; the bullet was* 
flat piece of lead, cut into four quarters, held in their 
places in a cartridge until fired, when they spread, 
inflicting jagged wounds. He was obliged to sen'e in 
the army, and to prove the efficiency of lais own gun. 
He was never a good sliot, nor particularly fond of 
shooting; and, after a long time, Bolivar allowed him 
to return to his engineering and mining. Scarcely hail 
he got to work again when the Koyal Spanish troops 
getting the best of it, overran the mines, and drove 
Trevithick away penniless, leaving 5000^ worth of ore 
behind him ready for sale. 



The 300 tons of ore, valtied at 24,000^., never reached 
England; and the writer, who was to liave returned to 
Peru in the ship thfit had been engaged to convey it, 
lost the chance of heing a youthful traveller in foreign 
lands, 

Trevithick left Lima about 1821 or 1822, fur Bogota, 
in Colombia, on a special mission for BoHvar. On his 
way, putting in at Guayaquil, he heard of rich mines 
in Costa Rica, and thinking they would pay better 
than Bolivar's promises, he threw np his engagement 
and made for the new venture. It was probably at 
Gnayaquil that be met Mr. Gerard, a Scotchman of 
good family and education, then sailing on the Pacific 
coafit as a sijeculator. 

Since Trevithick left the mines of Cerro de Pasco, 
more than one English adventurer has attempted to 
work them. At the present time they are in the 
hands of a large company, and are thus spoken of in 
the ' Cornish Telegraph ' of May 10, 1871 :— 

" Cerro de Paseo and its Silver Mines. 

" This place, iu the Republic of Peru, is situated ob the top 
of the Andes, on the eastern side of the Western Cordillora. It 
stuuds iibout 15,000 feet above the sea level, and is said to be 
one of the highest, if not the highest, inhabited platie of im- 
portance in the whole world. 

" From Callao to hero is a distance of 160 miles, but, in con- 
sequence of the rapid ascent ia such a comparatively short 
distance, it ia considered a quick journey if mulea make it in 
six days; it more frequently takes them a week, and at times, 
during the season of snow and rain, the )>ampas, which are the 
table-hinds of these mountains, are impassable for several days 
together. 

" The town of Cerro de Pasco, which at present numbers 
10,000 souls, is of no small importance, considering its great 
altitude and inconvenient distance from the coast, but it lacks 
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order and dosifoi in every part. The gtreetu ttre cniokij nml 
uneven ; and the housed are stuck about aoywhere and erm- 
where, M'ith the greatest display of uneducateil Umtv Ihal 1 
have ever before witneseed ; moreover, it would l>e diflicalt to 
tind another sni'h pUce so e<]ually dirty. 

" It rains and snows on these heights with not much ci'Sstliin 
for about six months in the year, and in what is termtnl iIh- ilii 
season there are also frequent tails of snow. Furthermore, w«w 
iNiils at 180'' Fahr. inst^td of at 212^aawith you; con^miith 
it reqnires six minutes to eook an egg. 

" The majority of the inhubit^uits are a low type of Indisnt. 
who are smiiU in stature niid mind, but are large in cunning, 
and have exceedingly plain features — not jKissessing thf 
tilightest traee of the noble features and T»old simplicity uf ti» 
Indians of the North. 

"Any [lerson uequaintf-d with minerals aud mining cuuiiit 
up to Cerro de Pasco would fancy that the wholi- town »■ 
built on the hack of one huge Itxie ; go wherever one imT, 
through the streets, or on the outskirts of the town, antl ewn 
up to the slopes of the hill surrounding it, he finds it to hviS 
lodestuff everj'where; its composition is what we Coniiifc 
miners generally term an iron gossan, 

" The greater portion of this mineral spot is pirctdled M 
into setts or grants, which consist of pieces of ground GO ysi* 
in length by 30 in width, gi\-ing to the place no k«s tko 
664 mines. At present there are no more than eeveuty-cightrf 
them at work, and only sixty-three of which are producii^ or, 
and the united returns amount to 2,000,000 oz. of silver pcf 
aiiimin. Owners or companea have roads leading do«ii I* 
their mines, formed of steps cut out in the rock, dipping il 
angles varying from 30° to 50". When you hnve descended tt 
the depth of the mines, the levels or holes leailing to niai^ rf 
them arc so small that one has to drag himself iilong sub 
fashion until he reaches the main excavation. The mintn 
break down the silver ore with pointed bars of iron, and Uw 
shovel it into bags made of hide with the shoiilder-bono of i 
animal ; after which the stuff is niiricd to surface on men's ibI 
bovri' backs. 
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" \\'heii all the mineral hiia bcMi ostraf'twl thort? r(?niiiiiiM au 

meiise oxcjivutioD, and in conseqiienca »f the roof not l>eing 

foperly supported with timber, one risks liis life in entering it. 

»vy falls of rock frequently occur, and by which means a 

; number of i>er8ona are annually killetL One day in the 

^ century, at the mines of ' Matagent«' (which word means 

iple), which are situated in the rising ground on the 

rthem side of the town, while a groat number of men and 

3 were at work, the roof of one of these immense chambers, 

sisting of many thouainda of tons, fell in without giving 

i least warning, and ' in the twinkling of an eye ' the souls 

i-3(X) Peruvian minora rushed into the presence of their 

. Their bodies hiive never been exhimied, and their 

itttered bones, still remaining, will bear evidence of the catas- 

^phe to future explorers. An adit has buen driven thi'ongh 

! district, beginning at the Lake of Quiulacocha on the 

rth-west, and terminating at the mines of Ganikcaucha on 

9 north. The entire length of the adit, including its branches. 

^botit 3 miles, and ita average depth from surface 50 fathoms. 

i perpendicular shafU, situated at about fiOO yards apart, 

£re also been sunk from surface to a short distance below the 



Ifc^The whole of the machinery for the mines in question, 

Mch is being made and dispatched by Messrs. Harvey and 

, of Hayle, Cornwall, consists of four steam pumping engines, 

I boilers, four iron main beams, four balance ditto, and also a 

fficient quantity of 24-in(?h pit-work for both shafts. No 

i piece of all this cumbrous machinery must weigh more 

D 300 lbs., in consequence of its haWng to be tnuisirarted on 

i backs of mules from the coast to this mountainous region. 

U)ugh the main distance is no more than 160 miles, these 

« with their burdens have to climb au altitude of 15,000 feet 

Ibre they reach their destination. Moreover, the passes in 

mding the Andes and Conlillera can only be correctly 

igined by experienced travellers. Some of the defiles are 

i much wider than a sheep-path, and with a thousand feet 

» you a roaring cataract, and thousands of feet above yon 

w-capped overhanging mmmtjiius, looking so dreadfid that 



ick wtnmtrer iti llit' ]i;iss li-itrs that tin- lU'xt jifiU ui' 
1 cjtusi- tlirai to toppU-." 




"I observe in a paper whicli is now before me, entitled ' Tlie 
Introduction of the Steam-Engine iu the Pernvian Slinos, l»y 
Riphard Tre\ithick, iji ISlfi,' tliat when Onjitain Trevithick 



arrivcil at Limn on bo«rd the sliiji ' Aa]),' with siiiiJry siiiiill 
engines for the draining of the mines of Cerro (le Pasco, he waa 
immediately presented to the Marquia de Concordia, then 
Viceroy of Peni, was most graciously received by the most 
flattering attention of the inhabitants, and subsequently the 
Viceroy ordered the Lord Warden of the mines to escort the 
great man with a guard of lionour to the mining district. In 
contrasting the two epochs, that of Trevithick in 181(5, with 
this of Wyman and Harrison in 1871, one is led to exclaim that 
there were gentlemen in Peru in 1816, and they gave unto 
Cffi«ar that which belonged to Oajsar.'" 

Tiie same newspaper, on the J'th November, 1870, 
etited :— 

" The ' Bride ' sailed from Hayle on 'i'hursday with a portion 
of the mochinery made by Messrs. Harvey and Co., of Hayle, 
destined for Cerro de Pasco, in Peru, The work comprises four 
87-inch cylinder pumping engines ; no part to weigh more than 
300 lbs." 

To enable the parts to be rtduceJ iii weight, each 
steam-cylinder was made of thirty-seven different pieces. 
The mechanics of Trevithick's time could not make a 
steam-cylinder in parts; therefore his difficulties in 
designing and conveying tlie machinery were ten 
times greater than they would be in the present day, 
and necessitated tlie extreme simplicity of bis engines. 
His residence with tbe Peruvians from 181G to 1822 
taught them tlie use of high-pressure steam-etigines in 
I their mines; and indirectly heralded the advent of the 
t steam-horse, now as familiar to them as to the residents 
in many English towns. 

' 111 ' Miu'iig Joiirnftl,* W. R. llutter. 
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"Mv DEAR Sin, 

"In the month of June, 182-2, 1 dl^nilmrked in the pit 
of Punta de Arenas, in the Gulf of Nk-oya, (he only one wne- 
Eponding to that province at present in use ou the Pacific nde. 
My object was to dispose ol" a cargo of cotton Hbi(^il I h*ii 
brought from IJealejo, and to purchase sugar in return. Cipcinn- 
stances, not necessary to mention, and the loss of the sttail 
vessel with which I was tradiu^ on tlie coast, caused me to 
remain in Costa Rica. Its mime implies a very early cunviclin 
of iU natural opulence ; it is certain that gold and silw 
abounded among the Indiana at the period of its c^onqnest l^r 
the Spftuiards, It was at one time a favoured and flonnsbn]; 
agriculturiii colony, hut from various causes sunk into oe^rli^ 
Such was the apathy, both of the Government and trf in- 
dividuals, that the very esisleuce of the pi-ecions mctalu iult» 
country had been almost entirely forgotten. In the end it 
1821, a poor man, Nicolas Castro by name, opened the iiret goW 
mine kuown in Costa Rica since the conquest, nnd his sun-eai 
soon induced others to trylheir fortunes; with fortunate ittdtfi 
iu a feiv months u mining district sprang into being. 

" A gcuttem>in of the name of Alverado constructed at arett 
considerable expense what is called an Ingenio, consbling rf 
various edifices for doiwsiting tlie ore, raochinerv driven bj 
water for grinding it uud afterwards blending it with quitfc* 
silver for anialgamation, 

" When I landed iu June, 1822, only five or six mines W 
been discovered, but iu January 1823, when I left the countiy. 
I cannot pretend to enumerate those in a state of progress and 
of promise. It is not only in ihe mining part of the 



tat tlia want of ekill i9_ prejudicial to the result. It is imper- 

SCtly ground, for iustnnce, and consequently canuut be brought 

o that intimate contact with the quicksilver which is necessary 

Id perfect amalgamatiou. The machine for grinding is very 

mple: a large flat stone, like a mill-stone, ia made to revolte 

»n its fellow by an ox or mule power. The poorest people 

idace it to powder by manual labour, in the same way as they 

corn preparatory to baking it into cakes. Alverado's 

ina promised to be a great acquisition. The grinding was 

loilitated by a little water; when the ore is judged to be 

Kifficiently well ground, a portion of quicksilver ie thrown in by 

1 the motion of the machine continued until the union 

of the metals is supposed to he complete; the whole is then 

removed into large ivide-mouthed couical-ahaped wooden vessels. 

In these receptacles it undei^oes repeiiteil washings, by stirring 

occnaionally round, and afterwards communicating to the vessel 

a swinging or liall'-rotary motion, by which a quantity of the 

water, having the earthy particles suspended, is driven over tlie 

edges; the amalgamatod mass naturally sinks to the bottom, 

and at last remains tolerably clean. 

" The next stej) is the recovery of the quicksilver by distilla- 
tion, after which the gold is melted in a crucible and run into 
ingots. Tho coasts are hot, and from the luxuriant vegetation 
that everywhere abounds, emit, as in all situations of the kind, 
febrile miaamu in abundance when acted on by heat and mois- 
ture ; but black vomit is unknown, and all the fever cases I have 
seen have been of the remitting and intermitting, free from 
character of malignancy. As the ground begins immediately to 
spring from the coast, and does so indeed very rapidly, a few 
miles takes us beyond the region of even these slight fevers, and 
aa we continue ascending to the central table-land, a climate is 
encountered that may vie with any ia the world for benignancy 
and beauty. Wo there meet with the fruits of the torrid zone, 
and near tliem the apple and the peach of Europe. The orange 
tree is in l>earing the whole year. As in all situations \tilhin 
tlie tropics, it has a proper rainy season, but it is less incon- 
venient and disagreeable than might be expected, for it seldom 
tains two days in succession, and when it does, is invari ablj 
VOL. n. ^ 
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succeeded by an interval of finu weather; for the most put 
every day presents a few dry liours. The mines are sitiiataldi 
the ridges of the Cordillera, which without presenting auMK 
covered jieaks, attain, nevertheless, considerable elevatioa. 
The clouds, couBtautly attracted by thoEe high smnmita, rendtr 
the rainy season more severe in the mining district than in IIm 
plains. Tiie greatest inconvenience was from the snakes, «iudi 
in those Holitary jungles, now first invaded by man, are verr 
numerous and many of tliem venemuiis. Froviidous are duip 
and excellent. lu short, the>e is but one fault I find with A* i 
country, and it is a great one, I mean the frequency of enA* 
^^^^«- "J. Sr. GuRAm" 
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; Mu. Gehard's Writing. 




" IHuslrations of the Map. 

" Though the plans and sections explain themselves • Im 
observations will not be misplaced. The deep adit for UieOni*- 
lillo would be 600 yards, that for Qaebrada-hondn 4',H» raiJi. 
and besides serving as drains would form admimble rou^ ibr 
conveying the ores into the vale where the stumps mnsi ^ 
erected. 

" The veins would be worked upward &om the imUu, ■») 
thus no expense would be incurred for ages tt> eonie in Ultii; 
either water, ore, or rubbish to the surface. Ptidre AriMS Vm 
is an exception, requiring a powerfid wnteivwheel, or m 
hydraulic pressure-engine, for which there is a tine fall i' 
water of 135 feet, .The mines in CJuebrada-hooda are tW 
in which an interest has been procured. Captain Trt'vilbid 
interest in the mine of Coralillo ; the great wulercmw 
is also his. 

" It will be seen by the plan that there are 75 fatboiu fd 
to the point where his present mill is situated, and othtf 
75 fathoms to the junction of the rivers of Quebrada-howU oi 
Machuca. The whole length does not amount to two uikb 
within which it is estimated that sufficient power may be vm- 
manded to stamp 500,(.HK) of quintuls annnully. To brit^ it ^ 
to that pitch, the waters of Machuca must be brought tu jll 
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those of QiieLrfidtt-hondft at Trevif liiok's mill, und then 40 tons 
of wiiter per minute could be delivered in the dry season." 

Extracts from a report by Trevitliick and Gerard in 
1827 ;— 

" This map consists of several diatinct partw. 'i'he middle 
part showB the mining iliat.rict, the present dimensions of which 
are smalt, the length being hardly four miles, breadth from 
two to three, and the superficial extent from eight to ten miles. 
The upper part of the plan is a section of the north ridge, 
called Quehrada-honda, and shows the Hue of the proposetl 
adits. The lower part in like manner exhibits the south ridge, 
called Coralillo, The map fnrther shows the inclination or 
gradual fall of the ground along the valley, and of the stre^ims 
by which the mills are driven. 

"The canal is likewise shown 5000 yards in length, by 
which the rivers of MachucA would be brought to join that of 
Quebrada-honda. 

" Castro's mine is situated on the sonthem ridge, and was the 
first mine worked to any extent. There the veins are very 
large; in fact, from the manner in which a number of horizontal 
Yeins are seen falling into the perpi'ndicular or master vein, tho 
great body of the mountain would tippeur to consist of lodes. 
This mass of ore is in general rich. It has been worked open 
to the surface, somewhat like a (piarry, so that it is not diiEcult 
to enlculate in cubic feet the quantity that has been excavated. 
The mine is supposed to have yielded in the course of the last 
six years gold to the value of iO,000/., and by measuring the 
excavations it would appear that this amounts to, on an average, 
one ounce of fine gold to every ten or twelve quintals of ore. 
In 1821 the existence of silver was only imagined. In 1823 it 
wftB fully ascertained. Ever since 1824 it has coastituted a 
small but constant portion of the produce of Quebrada-honda, 
and in 1827 it was decidedly evinced in Coralillo. The dis- 
covery of gold in Coralillo led them to work in Quebrada-honda, 
where they found both gold and silver, and the discovery of 
silver in Quebrada-honda, by strengthening the expectation of 
it in Coralillo, led in its turn to the discovery of silver there. 
I T 2 
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In Quebrada-hoiida they only nork on the grouml in thf itiun^ 
(iiate vicinity of tlie stream, and that in the niiist iraperf<ert 
manner ; but great light has lieen thrown on the valu« of the 
ores on this spot nnd in the district generally by the progr»i 
made in working what is oalled Padre Ariaa Sline. which talitt 
its name from an ecclesiastic who firat workeil it. This mine v 
situated in low ground near the verge of the stream, and wm it 
first only workal for gold. There were soou, however, indiM- 
tions of silver, which increased progressively in sinking, till >1 
the depth of only 10 yards the influx of water exceeded ih* 
means of draining, and the works under water-level were neces- 
sarily abandoned, at a time when ores were yielding upwards d 
200 ox. of silver to the ton, a striking proof of the tendency of 
silver ore to improve in this district as the ilepth increases. 

" Mr. Eichard Treyithick, that eminent Comish miner ani 
engineer, so well kuo«Ti for his inventions, and particularly fit 
the high-pressure steam-engine and the draiiuige of the Pmw 
Mines in Peru, when unfortunately cii-il war biirst out in Pcm, 
and the Royalist.^ considering those engines as the nuun if 
Btnunent for supplying money to the Inde|M?ndents, rendeie^ 
them useless by destroying or carrying off some of the tuH 
important pieces, 

"Mr. Trevithick having heard favourable reports of tht 
mining district we are now describing, soon after repaint 
thither, and was so fully impressed with its value and imi«»rt- 
ance that he made an extensive contract for different prop>3rUe^ 
and resided in the country for four years. 

" He is now in England roady to give explicit answers to any 
iniiuiries that may be made as to the mineral wealth of Ctrt* 
Bica, and the extraordinary facilities afforded by its poffltim 
and natural advantages. An estimate has beeu made for esta- 
blishing a complete mining concern in Costa Rica, with housK 
iron railroads, stamping mills, &c., so as to raise, stamp, ««! 
bring into refined gold the produce contained in 250,UU(> tuw 
of ore per year, 

" The result of sis years' experience shows that the foUowin" 
list of machinery and tools with a few miles of railnjttd »i>ul^ 
be sufScient. The commimication with the mines being ailif- 
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fiiftorily estiiblishiid by the route of the port of Sua Jiiau dt* 
liicLirngua aiid the river Serapique, the materials would bo Bont 
by the Atlantic at very much lesa cost thau by ai\)und Cape 
Horn. 

"It Ls situated within 14 leagues of the Paciiic Ocean and 
yu leagues of the Atlantic, in a mountainoua district intersected 
by deep valleys or ravines. The monntainB are covered with 
wood fit for fuel, mining, architecture, and machinery. There is 
a population of 50.0UO inhubitants within one day's journey of 
the mines. The climate is perfectly saJubriouA, provitiions of all 
kinds remarkably cheap, labourers' wages from four to five dollars 
j>er month. The minus secured are freehold property, and with 
one exception are unencumbered by tribute ot native partners. 
The attention of Government and of individuals has recently 
l)een directed to the discovery of a road from the interior to the 
river Serapii^ue, which, rising in the high lands of Costa Kica, 
pursues a northerly course and joins the San Juan about 
10 leagnes above the harbour of that name, being itself navi- 
gable for about 12 leagues above the junction. The opening of 
this road is a matter of much importance to Costa Hica in a 
general point of view ; the port of Matina being always bad 
and impracticable during the prevalence of northerly winds ; 
that of San Juan being, on the contrary, capacious, easy of 
access, tmd at all times perfectly secure. The distance is much 
the same as by the way of Matina. Several expeditions have 
been undertaken with a view of exploring an eligible road to 
the highest navigable jioint of Scrajiique, and altliough as yet 
none fit for mules has been discovered, the results of the experi- 
ments justify the expectation of success. Individual enterprise 
id active in the attempt, and Government lias wisely offered a 
reward to successful speculators. 

" Captain .Trevithick and Mr. Gerard, with a particular view 
to the enterprise now under consideration, and after considerable 
risk and labour, succeeded in laying down the navigable liead 
of the Serapique and ia throwing such light on the intervening 
tract as will be of great assistance to future adventurers. They 
ultimately constructed a canoe in which they siiiled down to 
the port of San Junii." 
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Plate XrV. shows Trevitliick's route across 
Rica. 

A meinoraudmu in Trevitbick's wilting, apparentir 
a diary, says ; — 

" From wliere we returned our mule^ to the place where me 
commenced to make our rafts and boat was eleven days' JKuraey, 
a distance of 50 or GO miles. The first and second days afta 
parting with the mules we jmssed some soft ground, vith lliwe 
ot four rivulets of water iu narrow vales, about 10 miles on the 
side of the decline of the high ridge on our left. It could easilT 
be made passable for mule^, as the bad jilaces where they could 
not travel did not exceed two or three miles ; and had we kept 
a little more to the left above the soft ground, proKibly iher 
could have passed. The next bad place was about u mile after 
the second pass across the San Jose Sivor. being a very deep 
and abrupt vale. Had we never passed the S:m Jose River, but 
left it on our right hand, the road would bavo been mndi 
shorter, and we should have avoided tliis deep vale, and also At 
three other vales, and their tlirce rivers of Montel^re. Jow 
Mora, and Ajerbi. They were, however, small, not more than 
half the leg in water, which is a proof that tbeir source was not 
above 10 miles off and must have origiuated in the rade of tl» 
high ridge on our left. None of the vales were impassable to 
mules, except that between the aecnnd passing of the river S« 
Jose and the river Montelegre, which was about a mile, «dJ 
miglit be made passable for mules by a diagonal road fu b» 
made in the side of the hill a little higher up. 

" Only five or sis miles uf road would require to be mado ftf 
mules on the whole of the way we came, to where the rifo 
Serapique is navigable. We observed that we elioiild ban 
avoided those vales by passing a few mile^ more- ti> the feft 
where we saw one contimied high ridge running from the 
highest ridge of the continent, commencing at the volcjino and 
terminating in a jwint near to where the Serapique Biver is 
navigable, 

"On a regular decline for perhaps 7000 or 800(t feet in 
lieight, down to near sen-level, which would ia that distanfv 
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have given a fall of about half an inch in a yard, four men in ten 
days would make, I have no doubt, this ridge passable for 
mnles on a regular descent to where the Serapique Eiver is 
navigable. I have no doubt if we could Lave spent one week 
more on our journey we might have parsed mules the whole 
distance with us. To carry machinery from where the Sera- 
pique is navigable to the mines is alwut one-third farther than 
from the port of Arenas on the south, on which tha carriage 
is two dollars per mule load ; three dollars might therefore be 
charged per mule from the Atlantic side, a much less coat than 
ty way of Matina, or by going around Cape Horn. It would 
give a speedy communication and a great accommodation to the 
province of Costa Eica, which I doubt not would gladly con- 
tribute to its making, 

" The mining district occupies the mountain of Aquacate, 
nearly equidistant fi-om the port of Punta de Arenas, iu the 
Gulf of Nicoya, and from San Jose, the capital of the state, 
about 14 leagues from the former and 12 from the latter. The 
bigh road passes through the centre of the district. 

" The chief outlay after paying for the mines would be for 
erecting stamping mDls and making railroads." 



This broken information barely gives an iden of 
the importance of the Costa Rica mines, or of what 
Trevithick did between the time of his landing on 
the Pacific ehore, about 1822, and his leaving the 
mines on his search for a new route over the Cordillera 
to the Atlantic shore, about 1826 or 1827. Judging 
from the rongh map on which Trevithick has marked 
his line of travel across the isthmus, the mines of 
Machncha, Quebrada-bonda, and Coralillo, were inland 
from the Gnlf of Nicoya, on the Pacific, some forty or 
fifty miles, the latter mine having its water shed into 
the Rio Grande, while the two other mines, not far off, 
opened into the Quebrada-bonda River, The central 
liigh ridge of tlie Cordillera was between the mines and 



tlie Atlantic; indeed the miuee are oq biffli ground at 
the foot of volcanic mountains. San Mateo seems to 
have been the place of importance near the mines, and 
probably a well-known ranle-track was in use througli 
the raouutaiii ridge to San Jose, the capital, once 
numbering thirty thousand inhabitants ; but this line 
failed to reach a good port on the Atlantic coast. The 
travellers, therefore, abandoned tlie known track, ami 
turning to the left, made their way between the volcanic 
peaks of Potos and Barba, hoping that on the eastern 
elope of the Cordillera navigable rivers would be found 
either to the Atlantic or to the San Juan de Nicaragua, 
which joined the Atlantic at the port of San Juan. It 
was probably at this volcanic ridge that the precipitous 
road obliged the mules to be sent back. The track was 
then due north, towards Buona Tista, below which the 
river Serapique took its rise, running into the river San 
Juan. Where they crossed tliis river was fifty or sixty 
miles from where the mules had left them. Trevitluck 
marked the river-croasing with a steamboat, indicating 
its navigability; but the writer infers that it had sn 
much of the mountain torrent about it, that the 
travellers took a line still through unexplored country 
towards the port of San Juan, on the Atlantic, for 
the track and the description show that the i-iver Sau 
Joae was crossed, and also another river running tn 
the Atlantic. Tbey probably were stopped by swamps 
on approaching the San Juan, and retracing their steps 
to the Serapique, constiiioted rafts or canoes, and after 
hairbreadth escapes sailed down it to the junction witli 
the San Juan, and down the latter to its junction with 
tlie Atlantic at Port San Juan, or G^reytown. 

Eleven days were i»assed from the parting with the 
mules near the crossing of the highest ground, from 
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■whence they eaw a continuous ridge, commencing at tlie 
Volcano and terminating near to where the Serapique 
is navicjahle on a regular decline for. perhaps seven or 
eight thousand feet down to near sea-level, giving a fall 
for the whole distance of ahout half an inch in a yard, 
or in railway parlance 1 in 70 ; for this was what was 
in Trevithick'a head, that his steam-horse should carry 
where the mule could not, and that miners and machinery 
slioukl be so taken to his mines from the Atlantic, giving , 
those who chose an opportunity of continuing their rail- 
way journey to the Pacific, 

The writer has heard Trevithick describe the ex- 
cursion as lasting three weeks, through woods, swamps, 
and over rapids; their food, monkeys and wild fruit; 
their clothes, at the end of the jouniey, shreds and 
scraps, the larger portion having been torn off in the 
underwood. 

Mr. Thomas Edmonds also listened to Trevithick 's 
narrations, some of which ho gives in the following : — 

" In 1830 I frequently saw Trevithick at the house of 
Mr. Gittiiis, at Higbgate, a achoolmaater, with whom were 
two boys that had aceompaniod him from Costa Kica, called 
Monlclegre. Befi>re Captain Trevithick no Europ<!an had adven- 
tiired on or explored the passage along the river from the Lake 
Nicaragua to the sea. In the adventure he was accompanied 
by Mr. J. M. Gerard, a native of Scotland ; two boya of Spamsh 
origin going to England for their education ; a half-i^aste, as 
servant fo Mr, Gerard ; and by bix working men of the country, 
of whom three went back, after helping to remove obBtruetions 
in tile forest thn.)ngh which the first part of the journey was 
un<lertukeu. The risks to which the party were exiiosed on 
their pasfwige were very great : they all had a narrow eseape 
from starvation, one of the labonrers was drowned, and Captain 
Trevithick was siivud from drowning by Mr. Gerard. The in- 
tended {passage was along the banks of the river. To avoid the 
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labour of cutting ihrougli the forest, the party determin* 
conBtruct a raft, on which they phiced theniselves, their pn>- 
visious.Biid utensils ; after a paseago of no long duration theyoune 
to a rapid, whic-h almost overturned their raft, and swept awaj 
the principal phirtot'their provisions and utensils. The nift, be-in^ 
unmitnageahlo, was then stopped by a tree lying in the tIy^t, nith 
its roots atta*!hed to the bank ; oii this tree three of the passeng*i», 
including Captain Trevithick, landed, and reached the Iwnk; 
this was no sooner done than the current drove the raft iiway from 
the tree, and carried it, with the remaining passengers, to (h* 
opposite bank, where they landed in safety, and »bandinKd 
the raft as too dangerous for further use. The next object ms 
to unite the jwrty again into one hody. The three left on thf 
other side of the river were called upon to swim over : one of lie 
men swam over in safety, the next made the attempt and "M 
drowned, the third and last remaining was Captain Treviihict 
who was either unable to swim or could swim very littl& hi 
order to imi)rove his chances of safety, he gathered severnl etidK 
which he tied in a bundle and placed under his arms; nili 
these he plunged into the stream; but the contrivance of tlw 
bimdle of sticks afforded him very doubtful ussistHnoe. for the 
current appeared to seize the sticks and whirl him roimil and 
round. He, however, finally reached within two or thrw vards 
of the bank in a state of extreme exhaustion. Mr. Gerard goa^ 
into the water himself and holding the branch of a tree, llifs 
threw to his assistance the stem of a water-plant, holding naerf 
the extremities in his ovm hand. It was not until the fourth 
time of throwing that Captain Trevithick was able to seiro tie 
very extremity of the plant (which was leaf) in his fingers ; m 
the strength of the leaf his life on the occasion was dependent 
It was determined to give up any further idea of using a nift« 
the river, and to continue their journey along the banks of ll» 
river. For subsistence for the remainder of their journey ihex 
hud to depend on the produce of one fowling-piooe and u snaSi 
quantity of gunpowder; after a few days the gnnpr)»der pot 
wet by accident, and in the attempt to dry it, it was liwt br 
explosion. The party finally arrived in a state of great e^chaos- 
tion at the village, now the considerable jwrt of San Juan Jr 
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Nicaragua, or Greytown; and sbortly after their arrival a small 
vessel arrived, wliich conveyed the party to one of the West 
India isIuudB, 

" Upon one occasion Captain Trevithick waa called upon to act 
in a novel capacity, that of a surgeon. An accident happened 
to a native engaged in ivorkiug an engine erected at a place 
distant about two hondred miles from Lima, by which accident 
both of his arms were crushed. There was no medical man 
within the distance of two Limdred milee, and Captain Trevithick, 
believing that death would ensue if amputation was not imme- 
diately performed, oficred his services, which were accepted by 
the patient. The operation, he informed me, waa successful ; the 
man rapidly recovered, and showed a pair of stumps which 
could have hardly been distinguished from the result of an 
operation by a regular surgeon. It is not improbable that in the 
warfare in which he had been engaged Captain Trevithick had 
been present and assisted at amputations of limbs of wounded 
suldieTs. He thus probably acquired sufficient confidence to 
undertake and perform the operation himself. 

" From Costa IJica Captain Trevithick came to EngUmd, with 
a design, among others, of forming a company to work a mine 
.which liad been granted him (for a term of years) by the 
Costa Rica Government. Mr. Gerard came to England with 
a fiimiliir object in view. Both failed in their object. Mr. 
Geraitl waa extremely unfortimat* with regard to his mino, 
for be spent a considerable fortune of his own in working his 
mine to a loss. 

" The eminence of Captain Trevithick as an engineer is well 
known. The public are indebted to him for the invention of the 
high-pressure steam-engine and the first railway steam-carriage. 
The latter being dei)endent on the former. Captain Trevithick 
inlormed me that the idea of the high-preasure engine occurred 
to him suddenly one day whilst at breakfast, and that before 
dinner-time he had the drawing complete, on which the first 
steam -carriage was constructed. Captain Trevithick informed 
me that in 1830 the original steam railway-engine constructed 
by him in 1808' at that time was Htill running in ^^'alcs." 
' Probably njfi'rring to tHt Wtlsh locomotive of 1804. 
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" Sir, " Stanwik, Cumberland, 21tk Xocrmhrr. IWl 

"I read in the public prints tbnt in u s[M.-ei'U Diade bj 
you in Belle Vue Gardens you referred to tlie meetbg of 
Robert Stepheneoii with Trevithick at Cartliagena, wliidi, if 
your speech be correctly reported, you attriViute to accidesL 
Tlie meeting was not an accident, although au accident led to 
it, and tliat accident nearly cost Mr. Trevitliick his life ; and lie 
was taken to Garthagena by the gentleman that saved bin, 
that he might be restored. Wlien Mr. Stephenson saw himh* 
was so recovering, and if he lookeil, as you say, in a sombre 
and silent mood, it was not surprising, after being, as be shL 
'half drowned and half hangi;d, and the rest devoured hj 
alligators,' which was too near the fact to be ple^sitnt. Mr. 
Trevithick had been u^iset at the mouth of the river Mllg(I(tll^<u 
by a black man he had in some way offended, and who capsiiol 
the boat in revejige. An officer in the Venezuelan niid tlw 
Peruvian services wag fortunately nigh the banks of the ritw, 
shooting wild pigs. He heard Mr. Trevithick's cries for hiJn 
and seeing a large alligator approaching him, shot bim in thx 
eye, and then, as he had no boat, lassoed Sir. Trevithick, »ai 
by his lasflo drew him ashore much exhausted and all butdewl- 
After doing all he could to restore him, he took him on W 
Garthagena, and thus it was he fell in with Mr. Steph* 
who, like most Englishmen, was reserved, and took no notiwrf 
Mr. Trevithick, until the officer said to him, meeting Bi. 
Stephenson at the door, ' I suppose the old proverb of '■ two of 
a trade cannot agree " is true, by the way yon keep aloof 
your brother chip. It is not thus your father would have tiwiWd 
that worthy man, and it is not creditable to yonr father's soi 
that he and you should be here day after day like two strangt 
cats in a garret ; it would not sound well at home." ' Who i* 
itr' said Mr. Stephenson, 'The inventor of tho loeomoliiv. 
your father's friend and fellow-worker; his name is TrevitKid. 
you may have heard it,' the oQicer said ; and then Mr. Steplieriaa 
went up to Trevithick. That Mr. Trevithick felt the pre^io* 
neglect was clear. He had sat with Robert on his knee many* 
night while talking to his father, aud it was through liim RtiWrt 
was made an engineer. My infformiiut states that there muB4 
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rcor3iality between them he woiiW have wished to see at 
rthagpiiii. 

' Tlie officer that rescued Mr. Trevithick jb now living. I 
tun sure he will confirm what I say, if needful. A letter will 
find him if addressed to No, 4, Earl Street, Carlisle, Cumber- 
land. 

" There are more details, but I cannot state them in a letter, 
aiid you might not wish to hear them if I could, 
" 1 om, Sir, 

'■ Your \ery obedient servant, 

" James Fatrbairn, 
" who writes as well as rheumatic gout will let him. 
" P.S. — I forgot to aay the uame of the officer is Hall. 
f To — Watkis, Esq." 

"DeAE Sik, "+i l^ABL Street, Cahlislb, IGM Defembfi; 18(i4. 

" On my return from Liverpool this day I iind your 
letter of the 9th. 

"In reply I have the honour to say that if you will be 
pleased to state upon what points you require information, 1 
aliall l>e but too happy to furnish it if I can. 

"I have barely time to add that Mr. Faivbairn has left for 
America, which is his homo, and has tieeu for many years. He 
must have been at Birkenhead or Liverpool at the date of your 
letter to me. I was not aware that he had ivritten to you. He 
brought me a paper with your remarks about tlie meeting of 
Mr. Itobert Stephenson and Mr. Trevilhick, and asked me if it 
were true that tliey met at Carthagena aa stated, as he (Mr. 
Fairbairn) thought it was at Angostura, and that Mr. Trevithick 
was in clangi?r of being drowned at the Bocasses, t. e. the mouths 
of the Orinoco, the Apure, &c,, &c. I explained that it was 
near the mouth of the Magdaleua. 

" I will just say that it was quite possible Mt. E. Stephenson 
liad forgotten Mr. Trevithick, but they must have seen each 
other many times. This was shown by Mr. Trevithick's ex- 
clamation, ' la that Bobby ? ' and after a [lause lie added, ' I've 
nursed him many a time.' 
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" I know not the cause, but they were not so cordial as I 
could have wished. It might have been their difference d 
opinion about the construction of tlie proposed engine, or il 
ntiglit have been from another cause, which I sbuuld not hke to 
refer to at present ; indeed, there is not time. 

" Pray address me as before. I hold no rank in the Britid 
service, and in England never assume any. 
" I have the honour to be, dear Sir, 

" Faithfully yours, 

" Bbdoe Napieb Hall 

" Edward W. Watkin, Eai-. M,P., i-c, 

" CiirrenU Cahimo." 

These notes from Mr. Hall and Mr. Fairbairn to Mr. 
(now Sir Edward) Watkin' arose from the latter re- 
peating what Mr, Robert Stephenson had related of lii» 
meeting with Trevithick and Gerard at the inn al 
Carthagena. Stephenson said, "on his way home from 
Colombo, and in the public room at the inn, he wm 
much struck by the appearance and manner of twa 
tall persons speaking English ; the taller of them, wea^ 
ing a large-brimmed straw or whitieli hat, paced rest- 
lessly from end to end of the room." Gerard anJ 
Stephenson entered into conversation, and Trevithick 
joined them. Stephenson said that he bad a hundrrd 
pounds in hie pocket, of which he gave fifty to Tre*!- 
thick to enable him to roach England. It seems tist 
had it not been for Mr. Hall's quick eye and steady 
band rescuing Trevithick from the jaws of the blind 
alligator, he never would have returned to his native 
country. 

Here was the inventor of the locomotive a b^gw 
in a strange land, helped by the man whom he bad 
nursed in baby-hoybood, then returning to England to 
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)ecome a great railway engineer in making known the 
use of tlie locomotive on the level road of the Liver- 
pool and Manchester, while the real inventor, who 
looked upon railways and locomotives as things of a 
quarter of a century before, was about to recommend 
them as the means of passing across the isthmus of 
Costa Kica from the Atlantic to the Pacific, over the 
heights of the Cordillera, by the river San Juan from 
Greytown, and by its tributary the Serapique, then by 
railway towards tlie high ground of San Jose', the 
capital, and down the western slope, passing, somewhere 
not far from the mines, forward to the Gulf of Nicoya 
in the Pacific. 

The approximate distance would be fifty miles of 
river navigation, and eighty or a hundred of railway, 
■with perhaps stifBsh but still manageable inclines, and 
no avalanches, 

A loan by the Costa Rica Government of 1872 
states,' "for the completion of the railway from the 
port of Limon, in the Atlantic Ocean, to San Joso de 
Costa Eica, and on to Heredia and Alajuela," near to 
Trevithick's mines, as if to carry out his design of 
forty-six years ago to connect the Atlantic and Pacific 
by railway. 

I See ' The Tiiacs,' 71b May, 1ST2. 
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In- tlie early part of October, 1827, the writer, tben i 
boy at BodiaJii school, was attked bv the master if an» 
particular news had come from home. Scarcely had 
the curiosity of the boys subsided, when a tall man with 
a broad-brimmed Leghorn hat on liis head entered at 
the door, and after a quick glance at his wherealouts, 
marched towards the master's desk at the other end of tii( 
room. When about half-way, and opposite the writer* 
class, be stopped, took his bat off, and asked if his an 
Francis was there. Mr. Boar, who had watched li* 
approach, rose at the removal of the bat, and replied in 
the afGrmative. For a moment a breathless silciw 
reigned in the wcbool, while all eyes were turned do 
the gaunt sun-burnt visitor ; and the blood, witbont i 
defined reason, caused the writer's heart to be*t • 
though the unknown was his ftither, who eleven j«ff 
before had carried him on hia shoulder to the pier-heaJ 
steps, and the boat going to the South Sea whaler. 

During the next six mouths father and son sat toge- 
ther daily, the one drawing new schemes and calcula- 
tions, the other observing, and learning, and calculating 
the weight and size and speed of a poor swallow he htA 
shot, that the proportions of wings necessary to carry • 
man's weight might be known. In these caIculati(W 
cube roots of quantities were extracted, which did wt 
accurately agree with Trevithick's figures, who, askipfr, 
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for explanations, received a rehearsal, word for word, 
of tlie school-book lule for such extractions, which 
threw no more liglit on his understanding than did 
his own self-made rule on the writer's comprehension, 
though both methods produced nearly the same result. 

Witliin a month of that time he heard of the arrival 
in England of Mr. Gerard, his companion in travel, 
from whom he had separated at Carthagena. 



" Mt dear good Silt, " Hiyi.B FoDSDEiY, 1B(A November, 1827- 

" I cuniint pxpress the extreme plensore that the receipt 
of your favour of tlie llth inet from Liverpool gave me, as I 
had almost given up hopes of ever seeing you again, which you 
■will see from tlie letters that I wrote Mr. Lowe; luid after the 
severe rnlis that we have undergone together, the parting us by 
shipwreck, as 1 Bupposed, at the close of our hardsliipH, I <loubly 
felt, and from your long absence, 1 supiwsed you must have 
encountered some severe gales ; but thank God that we are safe 
limded to meet you and the dear boys again soon. We had a 
very gtKMl passage home, six days from Carthagena to Jamaica, 
and thirty-four days from theuce for England ; and on my 
return was eo fortunate as t^i join all my family in got»d health, 
and also welcomed home by all the neighbourhood by ringing 
of bells, and entortuineil at the tables of the county and borough 
memltera, autl all the first-ehiss of gentlemen in the west of 
Cornwall, with a provision about to be made for me for the past 
service* that this county has reeeived from my inveiitioDs just 
before I left for I'eni, which they acknowledge to be a saving 
in the mines since I left of alwve 500,000/., and that the present 
ejtjstenee of the deep mines is owing to my inventions. I con- 
fess that this reception is gratifying, and have no doubt but 
that you will also feel a pleasure in it J should be extremely 
happy to see you down here ; it is but thivty-six hours' ride, 
and it wilt prepare you for meeting your liondon friends, as I 
would take you through our mines and introduce you to the 
first mining characters, which will give you new ideas and 
> you to make out a prospecttis that will show the great 
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advautages in Costa Rica miiie3 over every otlier in 8outh 
America. I tbiiik it would not lie amiss for you to Ijriug with 
you a few specimens, and after you have seen the Cornish mines 
and minora I doubt not but we shall be able to state facts in so 
clear a light that the first blow well aimed will be more than 
half the battle, and prove a complete knock-down blow, which 
in my opinion ought to be completed previous to yonr opening 
your minuig speculation in general in London. I have mud« a 
very complete moflel of the gun, and it is approved of by all who 
have seen it. 13e so gootl us to remember me to the lada aoil 
the Manilla man, and write me by return of post. I have not 
as yet made any inquiry about the probability of getting ad- 
venturers for this new concern. I hope and trust that I shall 
see you iu Cornwall previous to our being together in Londou, 
as it is my opinion that the nature of the concern requires it. 
" I remain, Sir, 

" Your humble servant, 
(Signed) " liiCHARD Trevithick. 
" Mb. Jno. Obrard, 
" No, 42, .S'(. Mary Axf, London." 

Trevitliick's hopeful character enabled him to enjoy 
life in the midst of neglect and poverty. During tlie 
eleven yeare of absence in America liis wife and ianiii^ 
received uo assistance from him. Shortly after leaving 
his Quebrada-honda mountains of gold and silver, he 
was penniless at Carthagena. On reaching England 
he possessed nothing but the clothes he .'<tood in, a gold 
watch, a drawing compass, a magnetic compass, and a. 
pair of silver spurs. His passage-money being unpaid, 
a chance friend enabled him to leave the ship. In a 
month from that time he counted on getting a sliare of 
the 500,000/, saved in tbe Cornish mines by the im- 
provements he had effected in their steam-engines. The 
ringing of bells and the talk of the neighbourhood 
made him forget that he was a poor man, and the 
Costa Rica mines were, he believed, soon to be in fi 
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"orking, though not a single aJventiirer liad lieen 
blind. 

The two lads Montelegre, coming to Kiigland to be 
educated, were sons of a gentleiuiiu of influence smd 
authority in Costa Rica. On tlieir perilous journey an 
attack of measles increased their discomforts. Probahly 
one of those gentlemen has since filled the hononrahle 
poBition in this coimtry of minister representing the 

fepublic of Costa Rica. 

PMy dear Sib, " I/inT'OI', Xoorutbcr I'tli, 182T. 

"I arrived here from Liveriiool last night, tui'l tliis 
loming liai] the jtloasure uf receiviii;^ your khii! letter uf tin' 
■ Ifitli. The brig ' Bunker'a Hill,' in which we cumo from Ctir- 
Ihagenu to New York, was wrecked witbui a few hoiira' sail of 
llie port. Vi'e were in ratlier ii disagreeable situation for aonie 
time, but more afraid than hurt TLq cargo waa nearly all lost. 
'1 be ship was got off, but a complete wreck. The cause, how- 
ever, of my delay in arriving arose from the want of the needful. 
You recollect Mr. Stephenson and Mr, Empsou, agents for the 
Colombian Mining Association, whom we met at Carthageiia. 
They kindly od'ered to supply me, but having determined to 
visit the celebrated Falls of Niagara, they insisted on my 



nccompanying 
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which I did. 



" I nin truly rejoiced to learn that your countrymen retain so 
lively ft sense of the importance of your services. I think wilh 
you that before sounding the public or proceeding further, it 
might be well we should meet quietly to talk over everything 
and arrange our ideas, mid that Cornwall, for the reasons you 
mention and others, would be the better place. 

"The iHiys are well, and desire their respects to yon. 
"Your sincere friend, 



M. 1 



FCapt. Trevithi 



. Geuard. 



frevithick waa friendly with George Stephenson 
, in 1805, he nursed little Bobby. Twenty years 
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al'terwartls, when George had comprelientJed Trevi- 
t hick's locomotive, and desired his son's return to 
England to assist him in making it useful, Robert 
Stephenson, grown to manhood, met his father's iri^ 
in the wilds of Central America, lx)th of them Itaving 
been engagetl in mining operations, and both on ther 
return to England. George Stephenson's son made for 
himself a fortune and a name, his friend earned povertf 
and neglect. These two men, though well known to the 
engineering world, had no mutual attraction, and In 
their native land remained strangers to each other. 



"Mv DEAK Sin, "4^, St. MAii-r Akk, J.,nu«.y l3tt, ](«. 

" 1 liaii very unexpectedly a letter from Cost^ Itio tfcii 
morniug by tbe way of Jamaica, including two for ynu, vrliidi I 
have the pleasure of transmitting. Mine is from Monlele^ 
begun on the 25th of August, and finished on the lllh of Se|>- 
tember, when Don Antonio Piuto, with some people from 6* 
Alajucla, was to start by tbe roail of Parrtpique on his way W 
Jamaica. His intention was to find a better route as far « 
Buona Vista, after which he would probably nearly follow oat 
course to the Embarcadero of Gamboa. 

" Whether lie sutrceeded in finding a less rugged rtwd to 
Buona Vista I do not know. That he reached his destimliMi 
seems clear from our letters having come to hiuid ; but fiim 
their old dat« it would appear that he had either met itilh 
ditUculties ou the road or with considerable detention at S*ii 
Juan, Montelegre writes mo that Don Yonge had eflcftt"! » 
compromise on your account with the Castros. Gamboa grt 
back to San Jose on the 18th August, twelve days aftet b 
parted from us, to the great joy of our mutual frienda Ml 
Paynter had been unwell after our departure. Both he W 
Montelegre desire their kindest recollections to you. 

" Yours moat sincerely, 

" J. M. Gebark 

"CaPT. TaEVlTlIlCR." 
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Tiie iiewly-tliscovered track taken l»y the homeward 
bound over the Cordilleras soon brought Don Antonio 
Pinto and others into the field in search of pas,sable ready 
to tlie Atlantic. Twelve days required by Gamboa to 
effect liia return to San Jose, a distance of perhaps sixty 
miles, indicate the difficulty. 

Mr. Gerard passed some weeks with Trevithick in 
Cornwall arranging the best means of getting together 
a company to work on a large scale the Costa Rica mines. 

" DkaH Sm, " Haylb Foundky, J-m-iir;/ 2«7i, 182B. 

" Yesterday I saw Mr. M. Williiims, who informed me 
thiit he should leiive Cornwall tor London on next ITiursday 
week, and requesti'd that -I would accompany him. If you 
think it alraohitely uet'essnry that I shnuH he in town at the 
same time, I would attend to everything that would promi»t« 
the mining interest. When I met the Messrs. VVilliiims on the 
mining concerns some time since, they mentionnd the same as 
you now mention of sending some one out with me to inspect 
the mines, and that they would pay me my expenses and also 
satisfy me for my trouble with any sum that I woidd mention, 
because such proceedings would he satisfactory to all who 
might be connected in this concern. 1 objected to this pro- 
posal on the ground that a great deal of time would be lost and 
that the circumstances of your contracts in San Jos^ would not 
admit of such a detention; for that reason alone was my objec- 
tion grounded, and if that objection could have been removed 
I should have been very glad to have the mines inspectetl by 
any able person chosen for that purjioBG, because it wouhl not 
only take ofl' the responsibility from lis, but also strengthen our 
reports, as thp mining pros^iects tliero will bear it out, and that 
far beyond our report. Some time since I informed you that I 
had drawn on the company for lUUt to pay 707, passage-money, 
mid would have left 301. to defray my expenses returning to 
London. The time for payment is up, but I have not us yet 
beard anything about it, thoi-efore I exjiect there must Ije an 
omission by the bankers whose hands it was to have passed 
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Ihrnugii for ttmlering it for payment. Perhaps in a d«y ortl 
1 slitill hear something about it ; I would thank yon to infoim 
me should you kiiow aoythiug about it. The imfavouralile 
njault of the gun I attribute in a great measure to the cluui^ 
in the Ministry and my not being present to explain the pnu*- 
ticability of making the machinery about it simple. When 
]jord Cuclirane has seen it, and a meeting takes place witk 
him, my return to London may again revive its merits. Tlu* 
Tuilavourable report does not lessen its merits, neither will it 
<leter me from a}iuhi moving tbrward to convince the public 
of its practicability. I shall make immediutely a [>urtubliB 
model of the iron ship and engine, as tliey will be appticablu to 
jiackets, which have been att«mptetl at Falmouth, but iouai 
that the cijnBumi)ti(jn of ooala was so j^reat that the whole ot 
the ships' burthen would not cimtatu sufficient coals to U^e 
them to Lisbon and return again, and on tbnt account it vas 
diseontiuued. That insurmountable object will now be totally 
removed, and I think that Lord Cochrane will make a very 
excellent tool to remove many neak objections made by persons 
not having sufficient ability to judge for themselves. His 
Lordahip, being a complete master of scieucfij is capable d 
appreciating their value from theory and from practice. I 
should not be surprised to see him down here to iojspect it. It 
will bo very agreeable if his Lonlsliip comes here at the Kime 
time as yourself; he is a remarkably [dcjisant, compmiion. Mj 
hearty thanks for your mother's good wishes towards me. 
, " Your humble servant, 

" Rd. Tbevituick. 

"Ma. Jso. Gerahi:, 

"Ao, 42, St. Mary Are, Lvndmi.' 

Uerard and Trevithick believed in the great value of 
the Costa Rica mines, and in the feasibility of working 
them profitably could capital sufficient be obtained. 
After a year or two passed in fruitless attempts to 
form a raining company in England, Mr. Gerard %-isiteJ 
Holland and France with no better success; and while 
on tliis mission died in piverty in Paris, thoiigb broiiglil 
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» in youtli as tlie expectant inheritor of family estates 
I Scotland. One of his letters says : — 

" Robert Stephenson has given ub hia experience that it was 
wise to take mauy Euglish miners or workers to such coun- 
The chief reHance must after all be placed on the native 
inhitants, under the direction and training of a small but 
1-selected party of Englishmen. 

" Mining operations in that country are of such recent origin 
1 m inin g population can scarcely he said to exist. English 
iorkmen are not so manageable even in tills coimtry, and much 
B so iu Spiuish America, where they are apt to bo siwiled by 
mplicity and excessive indulgence even of the better 
Mses, and where the high salaries they receive place them 
r above the country peoplu of tho same condition. All this 
i to presumption and intolerance on their part, and ulti- 
htely to di8i>ute8 and irreconcilable disgusts between them 
i the natives." 

EMr. Michael Williams, Mr. Gibson, Mr. Macqueeu, 
i others, were anxious to take up the mining scheme. 
3 former proposed to send a person to examine the 
pines. This was a safe course, but not convenient to 
ttose who liad made engagements to return without loss 
of time with miners and material to Costa Rica. 

Mr. M. Williams informed the writer's brother that at 
a meeting of several gentlemen in London, a cheque for 
8000/. was ofiered to Trevithick for liis mining grant 
of the copper mountain in South America. Words 
waxed warm, and the proffered money was refused. 
The next day Mr. Williams said to him, " Why did you 
not pocket the cheque before you quarrelled with 
them ? " Trevithick replied, " I would rather kick 
them down stairs!" 

In the end Trevithick got notliing. for cither hia 
South Amei'ican mines or those iu Costa BicA. 
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QON-CARBIAGE IBON SHira HSDHAULIC CBAJJE ICK KUilKG — 

DRAINAr.E OP BOLLAtlD — CHAIN-PUMP — OPES-TOP CTLDn)E« — 
HAYLK HARBOtTB PATBMT RIGHTS PETITION TO PABLXIHEM. 

"Richard Tkevithick, of the purLdi of Saint Ertb, in ilic 
county of Cormvall, civil engineer, mitketh oatti aud suth 
that be hatli invented new metliotU fur uentcring ordnanw on 
pivots, facilitating the iliscbarge of the same, aud reOainns 
manual labour iu time of action. That he is the true innntur 
thereof, and that the sumo hath not ):>een practised by any atb«r 
jrerson or persons whomsoever to his knowledge or belief. 
"Sworn, 10th November, 1827, before me, Kd. KdnioRds." 

" This gun ia worked by machinery balanced oq pi%-ot8 ginng 
it universal motion, by one man, with the facility of a BoIdiwV 
mnsket. Ou one side a man puts in a copper charge of powdei; 
on the opposite side a man dro^is a bail in a hag c]omi the gna. 
as it stands muzzle up. The gmmer, who sits ou the «ml 
behind the ' gun, points it and pulls the trigger. The firing 
causes it to run up an inclined plane at an angle of 25° for the 
purpose of breaking the recoil ; it rims down again wilh its 
muzzle at the port, requiring no wadiltng, swabbing, cartritlg^ 
or ramming, but runs in, out, primes, cocks, shuts the pan, aaJ 
breaks the recoil of itself; and by three men oin be fired thrw 
times in a minute with accuracy. The gun-cftrriage is a tnle 
3 feet long and 3 feet diameter, made of v^rought-iron pUto 
i of an inch thick, centered on a pivot to the deck, with the 
gunner's seat attached, from which he looks through the ax. 
As the gim requires no tackle, and but a man on each side to 
work it, only a space of 5 feet 6 inches ia required from ceatK 
to centre of ports, therefore a single-deck ship will carrv t 
greater number of guns than are now carried on a double-dni 
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pip, be worked with one-third of the hands, iind he iired five 
Beit lis fust as at present. A frigate would inoimt fifty 
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42-rioimd guDB on one deck, with 150 men, and would iliwhHrge 
in the siimc time a greater weight of hall with greater prefision 
than live 74-gim ships." ' 



' Description in Truvilliick'a haod writing. 
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" Uavlb, CoiiswALi, 2liit Fch'Hury, II 

" My Lord Cochrane,' 

■' With great pleasure I read in the papers the 
ment of your arrival agtiin in Eiiglaiid, and am much gratified 
to lind & peraon of your superior natural and practical taleali^ 
BO rare to be obtained, to whom I may communicate my view 

" I have proposed to Government to build an iron ship, mi 
a gun on a new principle, which arc to undergo an investig^ 
tion, and have loiiged a drawing of the ship nnd a. raod^'I of tb 
gnn with my friend Mr. Gerard, a gentleman who returned witt 
me I'rom America, and who will present to yoa this letter willi 
the above-mentioned drawing and modeL 

" I have had an iron boat mado for the pur]K>se of atmilin* it 
to London, to show the method of constructing shijts on tlib 
I>liin, roomy, strong, and cheap. Also a wrought-irun ship wiii 
a steam-engine on im improved prineiple, which in a few dip 
will be laid on tho stocks at the Uayle Foundry iron nuBi- 
factory." 

Though Lord Cochrane was just tlie person to 1« 
interested in such schemes, it does not apjiear that b* 
took any part in them. At tliat time he was at iroii 
on his own particular ideas for marine propulsion. 

" BtV DEAll Sm, "LOSDOK, February, ISS. 

" linmediately after the receipt of your last, wliici I 
only received after twelve o'clock on the 7th, I went to & 
Ordnance Office, where, though Colonel Gossett was no kogs 
an olScial personage, 1 hafl the good luck to meet him. H' 
told me that the model of the gim was at Woolwich, and cooU 
not be got at in time to etop the progress of the other iHt«nl 
and which he considered of but little moment, as he thougbtit 
very unlikely there could be any collision between thi- t« 
inventions. He likewise said that from the official chanss 
that had taken place in the office, much loss of time mighl k 
incurred by recalling the model, which was in train of Imi|! 
examined. ToKlay I have received a letter addressed to r« 



' Ili.'iigh draft, by Trevithick, nf uiifinithtd leiu-r. 
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from the Ordnance, by which it appears that your model has 
passed through an unsuccessful ordeal before the special 
(committee. 

*' * Sir, " * Office of Ordnance, 21»< February^ 1828. 

" ' I am directed by the Master General to acquaint you 
that the Select Committee of Artillery Officers, to whom your 
model of a 42-pounder carronade and carriage on a new principle 
were referred, have reported that on examination of the inven- 
tion, they consider it to be wholly inapplicable to practical 
purposes. Your model is at the Ordnance Office, and will be 
delivered on your sending for it. 

" * I am, Sir, 

" * Your most obedient humble servant, 

" * Lowndes. 

" * U. Trevithick, Esq.' 

" My poor mother, who I regret to say has been very delicate 
ever since your departure, and is now again confined to bed, 
desires me to say that she is very sorry she is not Master 
General of the Ordnance, to give it a fair practical trial, as she 
thinks Captain Trevithick's opinions, though she cannot pro- 
noimce his name, may be fairly placed in opposition to that of 
the special committee of artillery officers. 

" Ever faithfully yours, 

" J. M. Gerabd." 

The recoil gun-carriage was his first occupation after 
twelve years of travel in countries where mechanical 
appliances were less thought of than weapons of war. 
He commenced this, his second era of inventions, with 
what he called a new thing, though it was but an 
extension of his schemes of 1809, when he patented 
iron vessels, hollow sliding masts and yards, self-reefing 
sails, and sliding keels. 

The model gun was of brass, resting on a railway 
formed of two inclined bars of iron, up which the recoil 
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]>ropelle(J it into a convenient positiou for cleaning airf 
loading. Its own gravity cjuiscil it to fall into \ht 
required pl<ace for being again fired. Tlio slidts aim 
served as Inetion-bars to regulate the recoil. 

The gun and tlie slides carrying it were enclosed in 
a wrougfat-iron box, having openings in the front and 
rear for the passngeof the ranzzle and the breech, fix 
muzzle front of the box was pivoted tu the deck byi 
strong bolt as a centre of motion, whilst its rear w 
supported on two small wheels resting ou the deck, 
allowing the gun to change its line of liorizoutaJ fire k 
sweeping from the centre pivot. Tlie gunner's seil 
mo\'ed with the Ciirnage, from which ho could ele^'at 
or depress the muzzle by a lever. The gnn was self- 
priming and self-cocking ; the powder charge «« 
enclosed in a copijer case. Captain Moncricff's pataii 
gnn-carriage of the present day is dcsci-iljed in wont 
somewhat like those used by Trevitbick forty yesi* 
before. "The recoil lifted a weight smoothly aai 
without friction ; the gun and the weight were held is 
the position arrived at by a catch until the gun w 
loaded and ready to fiixi again."' 

The iron boat mentioned in his note to Lord Cochnwe 
as being made at Hayle, was " for the purjxtse of send- 
ing to London to show the method of constructing ship 
on this plan, roomy, strong, and cheap," and was this 
spoken of in a newspaper of the 26th April, 1*I2S 
" The ' Scotsman ' alludes to the inlended constructioiirf 
iron steamboats at Glasgow by Mr. Neilson: — " For few 
of tlie public being misled on this subject, we l^l> 
Btjite that, so far back as last Christmas twelvcmoDlki 
we saw Ti-evithick, of Cornwall, superintending lb* 
construction of an Iron man-of-war launch, witli 4 



,' August 12lh, 1870. 
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avowed intention of applying a similar principle of 
COnsiructicin to the building of fast-sailing iron steam- 
boat*-" This intimation, in 1829, to tlie since famous 
Glasgow iron-ship builders, that they could not claim 
the invention because Trevithick had made such a boat 
in 1827, was probably in ignorance of Trevithick's patent 
and models of I80D,' explaining the advantages of ships 
of iron, either under sail or under steam, for commerce 
or for fighting-ships. The improved high-presaure 
steam-engine then in hand for iron ships was but the 
perfecting of his plana of twenty years before." 



JLME, llMHn.vrE, Jpril Iflii, 183i>. 
*' Ml{. iJlLUEKT, 

" Sir,^ — I find by loukiiig into the ' Art of Ciunnery ' that 
a 42-lb. shot discharyeil ftt the' rate of 2000 feet a sccnntl iu 
,va«iiiiiii would Hentl it to the height of 63,360 feet, which 
• multiplied by the weight uf the shut would be 2,661,120 Ibf., 
with 12 lbs. of powder ; and as guna, after being heated to about 
the heat of boiling water, will recoil their usual distance with 
' half their first charge of powder, it proves that one-half the 
■ powder ut first is lost iu heating the gun tfl about 212^ which 
ia a great deal under the heat of fired powder, therefore only 
6 lbs. of powder effective force is appUed to the hall. Now 
suppose this 6 lbs. of powder to be one quai'ter part carbon, 
1^ lb. is all the heat that can possibly l>e applied to perform 
this duty; thou 1 lb. of carbon would bts equal to 1,774,080 lbs. 
of duty actually performed ; but if you take into caleulation 
the great loss of power by the powder not being instantly all 
act on fire, with the gun so much Ijclow the heat of firetl powder, 
the win<lage by the sides of the shot, the ball Hying from the 
powder, and the immense power remaining in the gun at 
the time of the ball leaving its muzzle ; if this was appUed 
expansively, as in a cylinder, it may fairly I>e .said to have 
double this power, or 3,548,160 lbs. for 1 lb. of carbon con- 
gnmecl, which, midtiplied by 84, being the pounds in 1 bushel 

" See VI.I. [., p. a-lii. 
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of carbon, given 300 millions of duty. If it was applied to tlit 
Ijost advantage, say on a. piston, culling powder wie thonsaud 
atmoBpherea, it would far exceed that duty. A gim 9 foct loiig 
and 7-incli bore Las IC feet of cold sides, and condenses at first 
one-half of its force by its cold sides and loses 150 millions in a 
200th part of a seeuud, while the Iiall passes from the broech to 
the muzzle. This gives 221,7(J0 lbs. condensed by each foot of 
surface sides in so short a time. Binner Downs cylinder waa 
taken as condensing 25fX) lbs. for each surface foot in six seconds; 
therefore, without taking into account the great difference in 
time, there is eighty-eight times as much jxiwer lost by eacL 
foot of cold sides of the gun as by the cylinder sides. This 
shows what a considerable power is lost by cold sides where tliLi 
vapour is so rare. Boulton and Watt's engine, doing twenty 
millions, performs with 1 lb. of coal a duty of 240,000 lbs,, or 
about ^'jth part of what is done by 1 lb. of carbon in ponder. 
The water evaporated by tho boUer is 7 lbs. thrown into steam 
by I lb. of coal, and a duty of 33,750 lbs. for each pound of 
water evaporated. 

" Suppose 1 lb. of powder to contain 12 oz. of nitre and 4 oz. of 
carbon, and jl^th part of the nitre to be a fixed water, which woulii 
be half an ounce of water in every pound of powder, uiakinf; 
the carbon eight times as much as the water ; from this data 
J lb. of water in powder would perform a duty of 28,385,280 lbs. 



!14 timea the ronsump- 
tiiin by llii> eiigiiw. 
!S8 times as much luM 
by thi! coM sidoB of 
tnc gun. 
In times ss much ctal 
fiir water mUmUani 
na for n-iit^r iii 
pijwdfr, 

" By this it appears that heat is loaded with fourteen times 
as much water in steam-engines as in powder, and does only 
•^fth part of the duty of the water in powder. It is possible to 
heat steam independent of water, because if we work with stciuu 
of ten atmospheres, it would have ten times the caitacity for 
heat, being in prniKirtion to its gravity. The boiler standing on 
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its eut], with the fire in the bottom, aiid the water 1 foot thick 
above it, with a great uumber of small tubes from bottoui to 
top, hiiviiig great eiirface aides to heat the steam above the 
water, by working with a low chimney and slow fire, the tubes 
ja the steam part of the Imiler would not exceed 600" or 700' 
of heat, which would not injure them ; aa less water ivonld be 
generated into steam, a very small [wirt of tlie boiler would be 
BuBieiuQt for it; anil as the coal required would be less, the 
boiler retjuired would bo very small. I state the foregoing to 
remind you that but little is yet known of what heat may be 
capable of performing; as this data so far exceeds wliat^ver 
has been calculated on the power of heat before, when compared 
with steam in an engine. 

*' The pfjwer is sure, if we can find hiiw tn conduct it. 
" I remain, Sir, 

" Your very humble soivant, 

. " RlCH.\l!D TrEVITHKK. 

' If you can spare time please to write to me." 



The foregoing mav be classed either under cannon or 
,m-engine ; Trevithick combined them under the 
.eral laws of expiinsion by heat. Three years liad 
since tlie committee of artillery officers sitting on 
his gun had given a verdict of no go ; yet the subject 
was not forgotten, and bis calculations enabled him to 
discover the explosive foree, and the speed of the 
projectile in different parts of the gun, things which are 
now ascertained b}' mechanical tests and measures. 

I f a 7-inch cannon feet long loses by absorption of 
heat during the time of the passage of the shot to the 
m'lK^le one-half of the expansive force of the powder, it 
", is time to wrap our guns as well as our steam-engines 
, in non-condnctora. The greater beat of exploded 
■r powder than of steam caused eighty-eight times tlie 
t amount of loss from abstracted b^ 
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from a pninid of carbon in powder, was fourteen tiinee as 
miicii as the Watt engine gave from a pound of coal. 



" Mr. Giddy, " Londoh, Nu. 42, !*T, Mary Axe, Jnne 18M, lfi2a. 

" Sir, — A few days since a Mr. Llnthom called im mi! 
and requested me to accompany him to Cable Street, uciir the 
Brunswick Theatre, to see a crane worked liy the atmiispbere, 
in a double-acting engine attached to it. He has a patent, am! 
has entered intti a contract with the St. Katharine's Duck Com- 
pany to work their cranes, 140 in number, by a steam-engine 
of sufficient power to command the whole of them, by placing 
air-pipes around the docks, with a branch t^i each crane. To 
each crane is fixed a 10-inch cylinder, 20-inch stroke, double- 
acting. The atmosphere pressing on the piston like steam, the 
air is drawn from the pipes by a large air-pump and steam-engine. 

" On being requested to give my opinion on this phm, after 
seeing one crane worked, I informed them of tlie di^ppotnt- 
ment that the ironmaster, Mr. Wilkinson, in Shropshire, several 
years since exi)erienced,on the resistance of air in passing through 
long pipes from his blast-engine to his furnaces. He said he 
was aware of that circumstance, and it had since been furliier 
proved in l-ondon by one of the gas companies attompting to 
force gas a ecusiderable distance, and who also failed. 

" He thought that forcing aa elastic fluid, and drawing it liy 
a vacuum, were very different things, and that the error viae 
removed by drawing in place of forcing. For my ])nrt I am not 
convinced on this head ; but am still of opinion that the result 
on trial will be found nearly the same. However, let that be as 
it may, the expense and complication of the mjw^liinc, having 
a double engine, with its gear nttiiched to every separate crane, 
together with the immense quantity of air thrown into the air- 
pump from HO double engines of 10 inches diameter, 20-iiich 
stroke^eighty strokes per mintit*i, and considering the numerous 
air leaks in such an extent of pij)e3 imd machines, must reduce 
the effect of the pressure of the atmosphere on each piston to a 
comparatively small power, unless the air-pump and steam- 
engine are beyond all reasonable bounds. 

"Those objections I made them acquainted with, andg 
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1st, before they went to siicli uu oxpcDHC, it would be a safer 
1 to first make further inquiry, bo thut thtir first ex]>eriment 
ght be on a Bure plan, for the other dut-k winpaniea were 
poking for the results of tliia experiment. 

L " At the time I was informed of this |)lan, a thought struck 

i that it might be accomplished by another mode preferable 

) this: by a steam-engine to force water in pipes ronntl the 

3ck, to say 30 or 40 lbs. to the inch, more or less, and to have 

k worm-shaft, working in a worm-wheel, the same as a common 

tstiug-jtick, and apply to the worm-shaft a spouting arm like 

irker's mill; tlio worm-shaft standing i>erj)endicular would 

wk the worm-whei'l fixed in the chain-barrel shaft of the crane. 

' This would make a very simple and cheap machine, and 

)duce a circular motion at once, instead of a piston altomating 

lotion to drive a rotary motion. My report had some weight 

Bth them ; inquiry is to be made into the plan proposed by 

, 80 aa to remimerate me, provided my plan is considered 

Mr, Linthom wishes an investigation before scientific 

and able judges, and requested me to name some one, I must 

again make free in asking the favour of your adnce (whicih you 

have so ably given me for thirty years) on this plan. Mr, Lin- 

tbom intends to request Dr. Wollaston to accompimy you, any 

day convenient to you. In the meantime, shoidd you see him, 

it might not be amiss to mention it to him ; and ahonld you be 

able to attend for on hour or two to this busincse, I would thank 

you to drop me a note, saying when it may be convenient. 

There is a memorandum of an agreement between Mr. Linthorn 

and me ; but the plaji I suggest is only at present made public 

to him and yourself. 

" Ydur most obedient servant, 

*' HicHARU Trevitiiil-k." 

* Tlie reduction of friction by the use of au air-vacuum 
giue for working cranes, aa designed by Mr. Linthorn, 
t lieu of an air-pressure engine, was doubted by Trevi- 
Mck. 
; The Mont Cenis pneumatic-pressure macliines which 

: writer saw at work lost much power^ 
' VOL. n. 
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before experience Iiad taught remedies. The pneuiuatic 
vacuum ttibea which propelled the trains ou the Soqjh 
Devon Railway, iiiiled to give the power that was 
expected. Sir William Armstrong's hydraulic craw*, 
brought into use not many years aftor tbe date of Tiv^t- 
tbick'a letter, have been found effective. The writer, not 
knowing that Trevitbick had before recommended hj- 
draulic cranes for warehouses, accompanied Sir Wilham 
over his works, then being erected near Newcastleon- 
Tyne, and talked with him on tlie detail of his crane 
designs. 

Trevitbick thouglit of giviog circular motion to the 
crane chain-barrel by the attacbment of a sere*- 
propeller, acted on by tlie force of a current of water 
at a pressure of 30 or 40 lbs. to the incli. Sir "William 
Armstrong's arrangement was quite diflferent ; tbe nieril 
due to Trevitbick was for having pointed out iJ* 
Buitability of water as a means of conveying power 
through warehouses wbero fire was inadmissible. 

" Me. GlLBEBT, " I.OSDOS, 42, St. Mabt Axe, June 29(A, IftS 

" Sir,— Fancy and whim stiU prompt me to trouble yoo, 
and perhaps may continue to do until I exhaust your nalievi. 
A feiv ditys ainco I wiis in company \ihere a |»erson said tlal 
100,000/. a year was paid for iee, the greatest part of which 
was brought ljy sliips sent on purpose to the Gre*>tihuid se*t 
A thought struck me at the moment that artificial cold mi"^ 
be made very ekeap by the power of steam-eugines ; by com- 
pressing air in a condenser surrounded by water, and aninjectiia 
to the same, so aa to instantly cool down the higlily.sM)mpi««il 
air to the temperature of tbe surrotmding air, and then admtttitf 
it to escape into Uquid. This would reduce the tempeniton Id 
any etate of cold required. 

" I remain, Sir, 

" Your very humble servant, 

" RrcHAHD TnEvrrmct*' 
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Trevithick's ideas for mnkiiig ice have since been 
•patented and made usefnl, tliongli the detail of the 
o])eration lias been improved by experience. 

The Dutch, extending the use of Bteara on the 
Kbine and also in fiea-going ships, wished Trevithick 
to see what was going on in Holland, where his nephew, 
: Mr. Nicholas Hars-ey, was actively engaged in engineer- 
ing. He bad not money enough for the journey, and 
borrowed 21. from a neighbour and relative, Mr. John 
Tyaek. During his walk home a begging rnan said to him, 
" Pleat^e your honour, my pig Is dead ; help a poor man." 
Trevithick gave him 5s. out of the 40s. he had just 
begged for liimself. How he managed to reach Holland 
liis family never knew ; but on his return he related 
the honour done liim by the King at sundry interviews, 
and the kindness of men of infiitence in friendly commu- 
nion and (easting. 



" Mn. t! ILBEKT, ' " LoNnnN, July 31./, 1B28. 

"Hu-,— The niglit before last I arrived from Holliintl, 
where I spent ten days. I found my relative there, Mr. Nidiolas 
Harvey, the son of John and Naiiry Harvey, tie is the engineer 
to the Steam Navigation Company at Itotterrtani. They have 
a ship 235 feet long, b'JOO tons burthen, with throe OO-inch 
cylinders doable, also two other vessels 150 feet long, each with 
two 50-inch cylinders double, ready to take troops to I^atavia, 
The large ehij) with three engines cost 80,000?. The yteam 
Navigation Company built them, and many others of different 
Btzes. This company has been anxious to get me to HoUimd, 
having heard of the duty performed by the Conush engines. 
They were anxious to know what might be done towards 
draining and relieving Holhind from its ruinous state. 

" Immediately on arrival I joined the Dnteli rompany, and 
entered into bonds with them. 

"I give you.aa near as I can, the present state of thecomitry. 
JV1)out 250 years since, a strong wind threw a bank ^^n<l 
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across tho mouth of tlie rivor Hbine, which made it overflow it* 
bttnlcB ; 80,000 lives were Inst, nnd about 40,000 acres of Uui 
whioh remain to this time mnier 12 feet of water. 

"About 100 years since the head and Burfare of the nwi 
Rhine -was 5 feet below what it now is. The under floors if 
houses in Holhind are nearly useless, and in another cpntorj 
must be totally lost, unless something is done to prevent it. 
The river at present is nearly overflowing its banks. In ciaw* 
queuce of tho rise of water, the windmill engines cannot lift il 
out. To erect steam-engines, they never coiiUl beliM-e wnoU 
repay the expense. Nearly one-half of Holland is at pttaa 
under water, either totally or partially, because the grooad 
kept dry in winter is flooded in summer. 

"About six years since it was in contemplation to recowt 
the 40,000 acres before mentioned, and a company was (bnnM 
of the King and the principal men in Holland, to drain this by 
windmills, which they estimated would cost 25n,(Xl'li, uA 
making tho banks and canals 450,000^ more, when niiute bt 
men's labour, and seven years to accomplish it. 

" This seven years was a great objection, because of th» 
unheiilthy state of the country while draining. The wiit<»» 
about 18 inches fevery year, to bo lifted on an average 10 fee* 
high. I have been fumiBhed with correct calcnlations «i»i 
drawings from this company, 

" They expected to have drained 40,000 acres in seven yetn. 
at a cost of 700,000/., which, when drained, would have aolilrt 
50^. per acre, about two millions. 

" I find, from the statement given me, of 18 inches of water to 
be lifted 10 feet high, it wouJd reqtiire about one bushel of oitt 
to lift tho water from one acre of ground for one year, and ihil » 
63-inch cylinder double would perform the work of 40,000 ton 
when working with high steam and condensing, at an eipew 
frf less than 3000?. per year. Engines in boats would cut tsi 
make the embankments and canals, without the help of iw*- 
I proposed six cylinders of (iU inches diameter, double pow. 
which would drain the water in one year ; and also four otlM . 
for cutting the canals and making embankments. The • 
pense would not exceed 100,000?. and one year, iiuitfi*d d 




DliAINAGE OF HOLLAND. 



2i)7 



700,0OW. and seven years. Above fiO,000 acres more ure tu be 
drained. 

" It was also proposed by Government to cut open the river 
Bhiue to 1000 yards wide and 6 feet deep for 50 or fiO miles in 
lenglli ; they supposed it would cost them ten millions sterling. 
1 proposed to make iron ships of 1000 tons burthen, Rith an 
engine in eaeh, which wouhl load them, propel, and also empty 
them for about Id. per ton. Each ton will be about a stjuare 
yard, and the cutting the river Khine 1000 yards wide, 6 feet 
deep, SO or CO miles in length, will not cost one and a half mil- 
lion, and be accomplished in a short time. I further proposed 
that all this rubbish be carried into the sea of the Zuyder Zee, 
which would make dry, by embanking with the rubbish, nearly 
1,000,000 acres of good land, capable of paying ten times the 
sum of cutting open the river Rhine. 

" All this would add 100 per cent, more to the surface of 
Hulliuid, und at this time it is much wanted, because their 
eettlements abroad are free almost of the mother-country, and 
they have too many inhabitants for the land at present, I 
made them phins for corrjing the whole into efl'ect, and have 
closed my agreement with them. 

"In a few days I shall go to Cornwall, und promised to 
return again to Holland within a month. I saw Mr. Hall and 
the engineer of the Dock Company to-day. They are satislied 
that the plan for working the cranes is a good one. I am to 
see them again on Monday next; after which I shall return 
home, where I hope to see you, to consult you on the best plan 
fur constructing the machines for lifting the water, cutting the 
canals, and making the dykes. 

" I remain, Sir, 

" Your very obedient servant, 

" HiCHAKD TbEVITHICK." 



lu this mere outline of a life it is impossible to go 
fully into the merit of Trevithick's plana for doubling 
the land surface of Holland. A drainage company was 
formed in London with a board of directors, some of 



whom thought that a new kind of engine sliould I* 
invented and patented as a means of excluding others 
from ciirrying on similar but competing operations. 
Trevitbiek, always ready to invent new tilings, Uioagb 
never forgetting bis experience with old things, iic 
etinctively returned to the DolcoatU engines, and re- 
commended tbera as suitable for the pumping work; 
but finally a new design was determined on, and 
Harvey and Co., of Ilayle, received orders for the con- 
struction, witli the greatest possible dispatch, of a pump- 
ing engine for Holland. 

This hapjieniog shorlly after the writer had Ivea 
taken from tlie Bodmin school, be was desired to help 
in the Bisection of this engine, and after working-Injurs 
iniMle a drawing t)f its original form. 

Plate XV. a, iron barge; b, wood frame supporting 
pump ; c, open-top steam-cylinder 3 feet diamelw, 
8-feet stroke; rf, piston guide-wheel; e, connecting 
rod ; /, fly-wheel; g, cranked axle working air-pmii}> 
bucket ; k, connecting rod for air-pump bucket ; i, ai^ 
pump; J, condenser; k, steam and exhaust nozzles; 
i, eccentrics working steam and exhaust vaK'es; m. 
Bteam-pipe; 7i, cylindrical boiler, with internal fire- 
tube; 0, external brick flues; ji, chimney; y, feed- 
pump ; r, feed-pipe ; s, cup or rag-wheel ; t, rag-cliaiii. 
with iron balls; u, pump-bari-el, 3 feet diamettf: 
I!, wheel guiding balls into bottom of punip-barrtl; 
w, launder. 

After a few successful though noisy trials, nn altera- 
tion' was made in the endless chain and in the guiik- 
roller near the pump bottom. An amount of slack iu 
the chain aiused tlie balls to knock on pa-ssing tliis rpller 
before entering the pump l)ottom. A chain linving 
long links or bars of iron of uniform length, froia haQ 
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ifrjointed together by cross-pins, waa substituted 
for the eliort liuk chain, and passed over a revolving 
hollow square frame iit the bottom of tlie pump, in place 
of the curved roller-guide in the drawing. Each of 
the four sides of this square hollow frame was of the 
same length as the jointed link, and the balls lay in the 
hollow of the frame without touching it, contact being 
only on the links. The balls were thus guided directly 
into llie bottom of the pump on their upward course 
with a rigid chain, and the swing and knocking was 
avoided. This pump was in principle the traditional 
rag-and-chain pump'of a hundred years before; yet no 
Irace of its use is mot with during Trevithick's Hfe in 
Cornwall. The early pump had rag balls, in keeping 
with the mechanical ignorance of the time, and suitable 
to man's power. 

Trevitbick's pump with iron balls raised " 7200 
gallons of water 10 feet high in a minute with li lb. 
of ooal,"' retaining all the original simplicity of the 
earlier rag-pump, having uniform circular motion and 

f instant stream, without the use of a single valve. The 
kgine and pump are thiis described by him : — 
■"The first engine that will Ite finished here for HoUimd will 
be a 36-inch cylinder nnd a 3(i-iiiL'li water-piimp, to lift water 
about 8 feet high. On the crank-shaft there is a rag-hoad uf 
8 feet diameter, giiing 8 feet per second, with balls of 3 Ibet 
ilinmeter parsing throngh the water-punip, which will lift alxiiit 
!00 tons of water per minute. It is in an iron boat, l-I feet 
wide, 25 feet long, 6 feet high, so as to bo [mrtable and piiss 
from one spot to another without loss of time. This will drain 
18 inches deep of water (the annual prtiduce on the surfaco of 
each acre of land) in alwut twenty minutes ; to drain ouch 
acre witli alwnt a bushel of coal costing M. per year. The 
engine is high pressure and condensuig." * 




3UU uPEN-TOr CYLINDER. 

It was Bometliing like the JTewcomen ope^ 
c^'linder of a liundi'ed yeiire before, Imt with a heavj 
pistou, on the top of which a giiide-wheel equal in 
diameter to the cylinder turned on a pin, to which tiie 
main connecting rod was jointed. The guide-whwl 
prevented any tendency to twist the piston from \\n 
angular positions of the connecting rod, and ;iilowd 
the crank-eliaft to be brought comparatively near to Uie 
cylinder top. The Ix>iler was cylindrical, of wronglit 
iron, with internal fire-tube and external brick flues; 
and gave steam of about 40 lbs. on the Inch above 
the atmosphere, which, acting under the piston, cail»l 
the up-stroke, an expansive valve reducing the average 
pressure in the cylinder by one-half. The clown-KtrolB 
was made by the atmospheric pressure of 14 lbs. on tk 
inch, on the ititnton, its lower side being' in vacunnif 
together with the weight of the thick piston and oou- 
necting rod, and the momentum of the revolving parte. 
My readers must not suppose that this was an 
attempt to revive the discarded Newcomen engine: •!* 
likeness was only apparent ; its power was mainly fnoi 
the use of strong expansive steam, giving motion in tin 
up-stroke tlirough a rigid connecting rod, with con* 
trolling and equalizing crank and fly-wheel. It w» 
not, ji8 the Newcomen,' dependent for its power on tb 
atmospheric pressure; and liaving no cyh'nder coTer, 
or parallel motion, or beam, was not a Watt engine 
though it had the Watt air-pump and condenser. 

The Dolcoath engines continued to M'ork with ocwh 
topped cylinders a quarter of a century after the W«n 
patent; and when they had passed away, many rf 
Trevithick's high-pressure steam-engines retained tiff 
same form of outline, but had neither cylinder eovcru 
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laraTIel motion, air-pump, nor vacuum. The agri- 
cultural engiu&s of 1813' and the South American 
engines of 1816* had neither cylinder cover nor any 
other part of the Watt engine, yet they successfully 
comjieted with it in power, economy, and naefulneaa. 

This design reveals a stumbling-hlock that superficial 
people fall over. The hoiler Jn tlie boat was surrounded 
by brick flues, while a life-long claim of Trevithick's is 
that before hia tubular boiler with internal fire, there 
could not be a successful steamboat, because brick flues 
were dangerous in sea-going vessels, but in an iron 
boat in smootli water it answered its purpose without in 
any respect falsifying Trevithick's former claims or plans. 

The cliain pumj^ing; machine was in an iron barge, 
the 30-iuch diameter pnnip fixed just outside the 
bow, its lower end a foot in the water; its height of 
8 or 9 feet enabled the water from tlie pump-head to 
flow through launders over the banks of tlie lakes to be 
drained. Some of the directors came to Hayle to see it 
work, and were well pleased at the constant stream of 
water rushing from the foaming pump-head into the 
liiunders. The large size of the rag-wheel gave the 
rapidly revolving chain and balls a great speed. In 
passing through tlie pump each ball forced upwards the 
water above it, and drew up after it the following 
water; before any ball had passed out at tlie top of the 
pump the followiug ball had entered its bottom. The 
directors having desired the writer to fcike the engine 
to Holland and set it to work with the least possible 
delay, adjourned for refreshment before starting for 
Loudon. In those few minutes differences arose, result- 
ing in the engine remaining for months in the Uirge, 
and then going to the scrap heap. 

' S.'e vul. ij., |>. ay. " Sui' VI..1. ii., i>. 2t*. 
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Years afterwards others acted on Trevi tliick's draini^' 
ideas, and Harvey and Co. built Cornish pumping engrinei 
with steam-cylinders 112 inches in diameter, giiuttar 
in principle to the Dolcoath engine' of 1816, which 
effectually drained the Haarlem lake. 

The Khine during 100 years, in its passage throagt 
the low flat lands, had by deposit raised the leTcJof 
its waters 5 feet, threateuing to overflow the cmlAnt 
meuts and drown the surrounding countrv, that to ■ 
large extent was at a lower level than the river. All 
drainage from such land had to be punipeil over At 
river bank, in many places 10 feet al>ove the ctiltiralol 
surface. Windmills had been used as pumping powef, 
and a company had contemplated laying out 7O0,00W. 
in windmills and canals for drainage. 

If the surface wafer averaged 18 inches in dqjtli 
yeai'ly, Trevithick could by steam-englnea draiu an aeie 
of land by the consumption of a bushel of coal y&uW. 
Four engines with cylinder of 63 inches in diuinetet 
would drain 160,000 acres, and four smaller engines i« 
barges with suitable apparatus were to cut canals and 
construct embankments. The deposit of a hundred y&tn 
was also to be removed, and the Rhine deepened C fed 
for a breadth of 1000 yards, and a length of 50 or 80 
miles, by steam-dredgere, as used twenty years befon 
in deepening the Thames,' to be fixed in iron ships of i 
thousand tons burthen. The cost of dredging froiu tire 
bed of the river into a barge would be Id. per ton; Irai 
this would be more than repaid by making with it at 
embankment, enclosing the Zuyder Zee, which would 
then in its turn be drained and made jiasture land. 

Before leaving for America lie had reported on tl« 
best means of improving St. Ives Bay.^ Ha vie Harlxmr 

' Hce Tul. ji,, p. J6S. ' Bt« vol. j., J). 243. ' Stv vul. i., p. Sil 
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I ii branch of it, and he now eiiggesfed to Mr. Henry 
Bfarvey methods for deepening and improving it, A 
aval company of merchants and engineers, known tlien 
OS Sandys, Carne, and Vivian, after many fig;htB "had 
recourse to law on the question of tlie course of a stream 
■which 'had l)een changed by alterations during the 
making of wharfs and channels for ships. 

Trevithick made a model in wood, movable layers of 
which indicated changes of level caused by wortmfen at 
different periods, giving a difterent course to the river 
.-bed. Mr. Harvey's counsel, since known as Lord 
Ahinger and Sir William Follett, complimented Tre- 
vithick on the facility of understanding tlie case by 
reference to the model.' The writer having carried the 
surveying chain, was present at the trial at the Bodmin 
" in 1820. 



** Mr. GlLBETlT, " IIatle FoUSDBt, Sepltmber lilh, 182B. 

" Sir, — I expected to have seen you heforo this, but am 
detaiucd by Mr. Harvey's attorney tu settle the Foimclry Quay. 
Ab I matle the drawing and model of the disputed ground, and 
■WBB exaiuiued in evidence in court, it was thought proper that 
I should be present at the time that Mr. Peters came to deter- 
mine the boundary line between the two companies. This 
'caiuiot be concluded for ten days, 

" As I have been so long dutnined I wish to await your urrival 
in Coruwall for the purpose of trying the new engine while you 
e down, and will thank you to inform me when you intend to 
a. with us. 

" I rcmuui, Sir, 

-" Your very humble servant, 

" BicHABD Trevithick," 

Erskipe, who had expressed the opinion favourable 
I Trevithick's engine more than twenty years before,' 
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was ill this trial the counsel for the opposiDg sdde. Tk 
verdict v>a» in favotir of Mr. Harvey, or Trevithick's ude. 
A former chapter' speaks of promises to pay oertao 
eavitigs by the use of Trevithick's iiiventioiis prior In 
Lis leavTiig for America. The United Mines refuse! w 
eontiuue the pajTnent, and on Mrs. Trevithick's ap|i!i- 
cation to Mr. Davies Gilbert for advice he kindly -wK'ti 
lo the VVilliamsee, who managed those miues, and re- 
ceived the following reply : — 



" IJeah Sib, " ^corbieb H(.r*e, Aomnio- 14(1, 1 

"... with regard to Mrs. Trevithick's claims for Mraip 
on engines at the United Mines, there is miieh t(> he SKid. 
"Before Mr. Trevithiek went abroad he suld half llie p 
right to William Sims, our engineer/ who very Ftruiigly i«i» 
mended that two of the engines at the United Atines shoolil It 
altered to what he considered Ilia patent princijile, Imt tfc 
altonitions prove*! verj- inferior to his exptH-tatious, auJ tolii 
riri'imi8tani*e 1 attribute much of the objiH'tions in ijiKsli* 
Mr. Henry Harvey baa jterhaps told you who the ]>arlneniif 
in the patent, and when you next come into this county I dil 
be much pleased to wait on you at Tredrea that you may W 
tbe whole of the case; and though the Ui»ite<l Mines adf* 
turers are fur from being a united body, I am verv sure *! 
sous, who are thfir managers, are desirous to reetunmoml AJ 
apjiears to theui right, and (hey will with myself he obliged^ 
your opinion after you have hoard the whole nuitter on Iioth ain 
"Pear Sir. 

'* Yours very sincerely, 

" Jno. Wiixum 

" Davies Gilbkbt, Esq., M.!'," 

The opinion of Mr. Williams' elder son, Michael, i« 
l)een given.' Some of the family were qnakcrs, J*" 
further money payment for the saving of fiiel follo«l 
this carefully civil note, until Trevithiek, cm his rettT 
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*om America, called at Scorrier Uouee in a very threateri- 
it ing attitude on 3l8t October, 1827, when Mi\ "Williams, 
If sen., said his reason for not continuing the payment was 
■ irom his belief that the term of tlie patent had expired. 
i Then came the following lawyer's letter ;— 

m "SlB, " Penzascb, It/i A'lwfinfter, 1827. 

Ht " I waa at Captain Trevithick'a yesterday, who observed 

y to me he saw you at Scorrier a few days ago, aud requested you 
would be go<Kl enough to settle the arrears on the savings on 
some of the engines in (he mines lor which yoii arted, none 
■* having Ijeen paid tor a year or two, when ytm stated that the 
■1* payment hud U'cn discontinued on account of the patent having 
^'- expired. I find on a reference to the patent that it will not 
i* expire till May, 1830. 
-fP "1 am, Sir, 

[fc " Your oliedicnt servant, 

t., . ^ „ . „ "Rn. Kbmosds. 

•Jobs Wn.MAMs, Esq,, Scomrr. 
llB, " Kaylb, January Hlh, 1828. 

" Yesterday I called on Mr. Williams, and after a. long 
l^ute brought the old man to agree to pay me 150/. on giving 
n an indemniHeation in bill trom all demands on Treskerby 
d Wheal Chance Mines in future. He retjuested that you 
• sbould make out this indemnification. I could not possibly get 
1 them to [lay more, and thought it must [irudcnt to accejit their 
" pffer rather than risk a lawsuit with them. 
"I remain. Sir, 

" Y^our obedient servant, 

_, „ „ ^ „ " KlCHARD TKEVITHICK. 

" HD. EDHOSIIB, Esq. 

I " Treslierby and Wheal Chance were, I believe, tlie only 
Ines that paid for the use of the pole patent. Mr. John 
pilliams, sen., of Scorrier, was purser of those mines. The 
_ Jement was that patentees should have one-fourth part of 
\he savings of coal above twenty-six millions. The one-half 
of this fourth part from the^ two mines for some years was 
wnt 150?, i)cr annum. Thin did not relate to the boilers; 
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Trevitliick unfurtuimtoly did nut take out a ]uttent for tliat in- 
provement. The a(Weutiirers uf two or three mines onlyW 
the honesty to puy l(Xtf, for each mine ; otiiers made use ol it 
without ftckuowh^clgment. 

•' llD. Edmosw. 
"Peszakce, 12iA Janmry, 1653.' 

Such were the recollections of tlie faniUv solidtor 
many years after the events Iiad passed. The cylin- 
drical liigh-pressure steam boiler and engiue wivs realK 
included iu the patent of 1802; but frequent ditoi! 
changes, consequent on size iind posiliuu and Incal 
requirements, were made up to 1811, when a perfect«l 
form was arrived at, which is slill in use. In prioeiplf 
it was unaltered and not materially different in fonn, 
but being used for larger engines, looked different. TV 
inventor saw nothing in this difference, but the pnWi: 
did, and in the absence of the only man who coolil 
prove their error refused fo pjiy on tlio plea of its jk* 
being patenled. On Ins return from America be it- 
manded 1000/. from each of the large Curnish minefic 
a settlement in full for all benefits derived from Ihe w 
of the Trevithick bigh-pressure steam-boiler. HeW 
proved the ^Yeakne8s of the law years bffore, when tlifw 
eminent counsel had.given opinions on the 1802 nateiil. 
one of them believing the patent good, becauiw ih 
principle contained was new; two of tbeui feared tfca! 
similarity of details might invalidate it:' so be deter- 
mined to apply to the Crovernment for remuuenidoDfa 
benefits that might be called national. 

"Mr. Ed. EuMonns, "Hatlb, ftwrnirr 3w*, i9IT. 

" Sir, — I send the principal heads of what you will fcnt 
to put in form to lay before the House. It is very tldediwi 
but you will be assisteii hy Captain ^Vndrew Vivian, whu i 
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lave diitt's aud particulurs, liaving been engaged with Mr, 
ilbert und Coptum Matthew Mnyle in making out the duty 
jerformed at thiit time by Bonlton and \\'tttt iiiid Homblower'a 
ginfs. He can aiso give you the resiiltB of the late improve- 
ments, with much more information than I can give. I mw 
liim yesterday for this purpose ; he will assist you with all his 
power," and will call on you ut Penzance on Friday or Saturday. 
Jta I shiill with pleasure pay him for his trouhle, you need not 
fear calling on him for what assistance you need. 

"Mr. Gerard and I propose to leave this for London on 
Saturday. If you think it necessary to see me, let Captain 
"Vivian know it, and all meet at my house. I Iiave sent you 
one of the monthly reports, in which you will see John Lean's 
report of Dolcoath engines, from which 1 have given you in my 
statement the average results and savings. 
"I remain, Sir, 

" Your very liumble servant, 

" BlCHARD TrEVITHICK. 

" P.S. — I was at Dolcoath account on Monday, juid mndo 

I to thorn my intention of applying to Government, and 

< individuals, for remuneration. They are ready to put 

i«r signatures to the petition, and so will all the county. I 

r that it is as much a^wc shall do to get it before the Honso 

1 time." 

\ The followiiifj^ petition wiia drawn up anJ put into 
hands of his old friend Davies Gilbert, then a 
■ember of Parliament : — 




■to the honouhable tue commons of the klsgdom of 
IGreat Britain and Ikelanu in Pahlument Asbembleu. 
"The Humble Petition of Richard Trevithiok, of tho 
Parish of Saint Erth, in tho County of Cornwall, Civil 
Engineer, 27th February, 1828, 
Bheweth : 

"That this kingdom is indebted to your petitioner for 
i (»( the most important improvon"^*" that have been 
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mmle in the sUjiUii-eiipiiit;, tor whii'Ii your i>etitiouer Las not 
liitlierto been remunerated, and for wliicli lie has no prosjtect 
of being ever remunerated except through the assistance of 
your Honourable House. 

" That the duty performed by Messrs. Boulton and Watt's 
improved steam-engines in 179S, as appears by a statement 
made by Davies Gilbert, Esq., and other gentlemen aneociattJ 
for that purjjose, averaged only fourteen millions and half 
((wirnds of water lifted 1 foot high by 1 bushel of eoala), 
although a chosen engine of theirs, under the must favnurable 
circumstances, at Herland Mine lifted twenty-seven millions.' 
whioh was the greatest duty ever performed till your petitioner's 
improvements were adopted, since which tlie greatest duty 
has been sixty-seven millions, being more than double the 
former duty. That i>rior to the invention of your petitioner's 
boiler the most striking defect observable in every steam-engine 
was in the form of the boiler, which in sliajte resembled a tilte<I 
waggon, the fire apjilied under it, and the whole surrounderl 
with mason-work. That such shaped boilers were incapable of 
supporting steam of a high pressure, and did not admit ko marh 
of the wat^r to the action of the fire aa your petitioner's boiler 
does, and were also in other respects attended with many dis- 
advantages. 

" That your petitioner, who had been for many years em- 
ployed in making steam-engines on the principle of Boulhm 
and Watt, and had made considerable imi>rovenients in their 
mat^hinery, directed his attention principally to the invention 
of a boiler which should be free from these disadvantages ; and 
after having devotei.1 much of his time and spent nearly all hit 
property in the attainment of this object, he at length succeeded 
in inventing imd perfecting that which has since been generally 
adopted throughout the kingdom. 

" That your petitioner's invention consists principally in 
introducing the tire into the midat of the boiler, and in makmg 
the Iwiler of a cylindrical foriu, which is the form beet adajital 
for sustjvining the pressure of high steanu 

" That the* tbllo«ing very important advantages are deriveil 
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this, your petitioner's, invention. TLis boiler does not 
J half of the materials, nor does it occupy hall' the space 
red for any other boiler. No mason-work is necessary to 
icle the boiler. Accidents by fire can never occur, as the 
I is entirely surrounded by water, and greater <lnty can be 
irferformed by im engine with this boiler, with less than half the 
•ifjael, than has ever been accomplished by any engine without it. 
i^bem great advantages render this small and portable boiler 

jot only superior to all others used in mining and mimufac- 
f^ring, but likewise is the only one which can be used with 
._niccess in steam-vessels or steam-cngino carriages. The boilers 
^ use prior to your petitioner's invention could never with any 
, legree of safety or convenience be used for steam navigation, 
^aecanso they required a protection of brick and mason work 
^zound tliem, to contine the tire by which they were encircled, 
jad it ttijuid have been impossible, independent of the great 
additional bulk and weight, that boilers thus constructfid ccnld 

withstand the rolling of vessels in heavy seas; and notwith- 
,rtaiiding every preciiutiou the danger of the fire bursting 
iJiroHgh the brick and mason work could never be effectually 
.j^nsrdcd against. 

" That had it not been for this, your petitioner's, invention, 
those vast improvements which have been made in the nse of 
rtfmT" could nut have taken place, iuasniuoh as none of the old 
bralers could have withstooil a pressure of above 6 lbs. to the 
inch, much less a pressure of (iO lbs, to the inch, or even of 
ikbove 150 lbs. to the inch when necessary. 

■ "That as soon as your [letitioner had brought his invention 
btto^general nse in Cornwall, and had proved to the public its 
bniuenso utility, he was obliged in 1816 to leave England for 
South America to superintend extensile silver mines in Peru, 
Erom whence he did not rt-turn until October last. That at the 
^tne of your petitioner's depirture the old boilers were falling 
npidly into lUsuse, and when he returned he found they had 
BOOB generally rephiced by those of bis invention, and that the 
jlBTUig of coals occasioned thereby during that jjeriod amounted 
bk Cornwall alone to above 500,000/.' 



31U I'ETITIUN TU I'AKLIAMENT. 

" Tliat tlie engines in Cornwall, in which county the stcum- 
engines used are mure iiowerfiil than those used iu iiny oth«r 
part of the kiiigdmn, have now your petitioner's improved 
boilers, and it appears from the monthly reports that these 
engines, which in 17E*8 averaged only fourteen and half millions 
now average three times that duty with the same quantity of 
coals, making a Baving to Cornwall alone of 2,7S1,2G4 bushels 
of cools, or about 100,000^. per annum. And the engines at the 
Consolidated Mines in November, 1827, performed sixly-seveji 
millions, being forty millions more than had been performed by 
Boulton and Watt's iihosen engine at Herlimd, us before Bt«t«d. 

"That had it not been for your petitioner's invention, the 
greater number of the Cornish mines, which produce newly 
2,000,00W. per annum, must have been abandoned in conae- 
([uence of the enormous expense attendant on the engines 
previously iu use, 

" That your [>etitioner has also invented the iron stowflgs 
water-tanks and iron buoys now in general use iu His Majesty's 
navy, and with merchant's ships, 

" That twenty yejirs ago your petitioner likewise invented 
the steam-carriage, and carried it into general use on iron tail- 
roads. 

" That your petitioner is the inventor of high-pressure steam- 
engiues, and also of water-pressure engines uow in general uae. 

" That his high-pressure steam-engines work without con- 
densing water, an improvement essentially necessary to purtahte 
steam-engines, and where condensing water cannot Ix^i pntoureJ. 

" That oil the inventions above alluded to hitvo proved of 
immense national utility, but your petitioner has not been 
n'imbursed the money he has expended in perfecting bis inveu- 
tions. That yonr petitioner haa a wife and large Itmiily wbu 
ore not provided for. 

" That Parliament granted to Messrs. Boulton and Watt, 
after the expiration of their patent for fourteen years, an cxlfii- 
sion of their privileges as patentees for an additional period, 
whereby they gained, as your petitioner has been informed, 
above 200,000/. 

"That your petitioner therefore trusts that these his. own 
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important inventions and improvements will not be suffered to 
go unrewarded by the English nation, particularly as he has 
hitherto received no compensation for the loss himself and his 
family have sustained by his having thus consumed his property 
for the public benefit. 

"Tour petitioner therefore most humbly prays that your 
Honourable House will be pleased to take his case into consider- 
ation, and to grant him such remuneration or relief as to your 
Honourable House shall seem meet. 

" And your petitioner, as in duty bound, will ever pray, &c. 

" Ed. Edmonds, 

" Solicitor J Penzance.^* 

From the Patent OflSce to the House of Commons 
was, for a petitioner, as bad as out of the frying-pan 
into the fire. Trevithick solicited the support of Mem- 
bers of Parliament until tired of running after friends, 
and the petition became a dead letter, though the 
mining interests of Cornwall had in twelve years saved 
500,000/. by his unrewarded inventions. 

" Lauderdale House, Highgate, December 24//i, 1831. 

"Mr. Gilbert, 

" Sir, — I find that Mr. Spring Eice cannot get the Lords 
of the Treasury to agree to remunerate or assist me in any way. 
He appeared to be much disappointed, and said that he would 
write to the Admiralty Board on Thursday last, recommending 
them to adopt this engine. As yet I have heard nothing respect- 
ing it, nor do I expect to during the holy days ; but in the 
interim I wish to look out for some moneyed man to join in 
it, otherwise I fear I shall lose the whole. Can you assist in 
recommending anyone you know ? I wish Mr. Thompson would 
come into it, he would be a good man. Can you furnish me 
with a copy of your report to Mr. Spring liice, or something 
relating thereto? It would be a great assistimce in getting 
some one to join. 
" The sum required is small, and the risk is less ; but the 

V 2 
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priMpect is great, beyoad anything I ever knev offervl i« 
Buch easy terms. Waiting yonj reply, 
" I remain, Sir, 

" Your yery limuble servant, 

" Richard TnEvirHHt.'' 




"UeAB TBEVITHICK, " EASTMHrKN-E, /*«rmW -JWA, 1831, 

" I am Borry to find that you have not any prospeo U 
aaauiUiiUiO from Government. I have not any copy or mnv 
randum of luy letter to Mr. Spring Ric-« ; but it was to tW 
effect of first benriog testimony to the large shiuv tlul jm 
have had in almost all the improvements on Mr, Watt's onginr 
which have altogether alxnit trebled its piiwer ; to your hafii? 
made a travelling engine twentj'-oight years ago : of yourha™? 
invented the iron-tanks for carrying water on boanl ships, fc 

" I then went on to state that the great defect in all gtwa- 
engines seemed to he the loss, hy condensation, of all tlio W 
rendered latent in the conversion of water into steam; till 
high-pressure engines owed their advantages muinly to at«^'»^ 
tion of the relative temperutnres of this hitcnt heat ; that I W 
long wished to see the plan of a differential engine tri^i* 
which the t«raperatureHHndconset|uently elastieitiesof thehii 
might be varied on the opposite sides of the piston, vilk>e 
fiimdensation; that the engine you have now constructed [«• 
mised to effect that object; and that, in the event o( Bi 
succeeding at all, although it might not be applicable tu tk 
drawing water out of mines, yet that for steatn-res^ls ai 
for staim-carriages its obvious advantages would be uf the 
greatest importance ; and 1 ended by saying that although 4 
was clearly impossible for me to ensure tlie success of any pi* 
till it had been actually proved hy experiment, yet judflK 
theoretically, and tdso from the imperfect trial eshibittrf « 
the Thames, I thought it well worthy of being pursued. T<* 
plan umiuestionably must be to associate some one with J* 
(as Mr. Watt did Mr. Boulton), and I certainly think it* 
very fair speculation for any such person as Mr. Boullin w 
undertake. 

" it is impossible for me to point out any individual, as WW 
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; Lad the slightest connection with trade or with manufac- 
ture in any part of my life, I am entirely unacquainted with 
mercantile concerns. I cannot, however, but conjecture thai you 
should muke a fair and full estimate t>f what would be the 
expense of making a decisive experiment on a scale sufficiently 
lai^e to remove all doubt ; and that your projtosal should be, 
that anyone willing to incur that espense should, in the event 
of Buccess, be entitled to a certain share of your patent. On 
tnch couilitions some mim of property may perhaps be foimd 
vho would undertake the risk ; and if the experiment proves 
Auccessful, he will be sure to use every exertion afterwards for 
his own sake. With every wish for your success, 
" Believe me, 
■' Yours very sincerely and faithfidly, 

" Da VIES Gilbert." 



Tlie jietition to Piirliamont for a national payment 
for national gains, so hopefully taken np on his return 
from America, when experience had proved the value 
of hie inventions, after four wc-ary years of deferred 
expectation, was consigned to the tomb of forgetfuhiess. 

Corapai'e the petition of 1828 with a raodern report. 

" Prior to the invention of your petitioner's boiler, the most 
striking defect observable in every steam-engine was in the 

' form of tlie boiler which in shape resembled a tilled wagon ; 

' your petitioner's invention consists principally in introducing 
the fire into the midst of the hoUer, and in making the boiler of 
a cylindrical form, which is the form best adapted for sustaining 
tlie pressure of high steam, and does not require half of the 
inaterials, nor does it occupy half the s[)ace required for any 
other boiler, and greater duty can be performed by an engine 
with this boiler with less than half the fuel, than by any 
engine without it, and is the only one that can be used with 
success in steam-vessels, as none of tlie old boilers could have 
withstood a pressure- of above (j lbs. on the ioch. muob 1- 
pressure of Gtl lbs. ()r even of 1.50 lbs. when nec" 
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A report of the RoyaLMail Steam Packet Company 
in 1871 states, "by placing compound engines in the 
* Tasmania/ they had reduced the consumption of coal 
to one-half the former quantity, doubled her capacity 
for freight, and increased her speed." ^ Presuming 
that the compound engines of the * Tasmania ' are like 
other engines known by that name, having high- 
pressure steam in a comparatively small cylinder from 
which it expands in a larger one, tubular boilers, 
surface condensers, and screw-propeller, the saving 
admitted in the * Tasmania ' is just what Trevithick's 
petition pointed out. forty -three years ago — to lessen 
l)y one-half the weight, space, and fuel in marine 
steam-engines — his opinion being founded on the ex- 
perience of a lifetime, for as early as 1804 he wrote 
on the question of compound engines, " I think one 
cylinder partly filled with steam would do equally as 
well as two cylinders;"^ and again in 1816, describing 
expansion, " The engine is now working with 60 lbs. 
of steam, three-quarters of the stroke expansive, and 
ends with the steam rather under atmosphere strong;"' 
and in the same year worked the expansive compound 
engine at Treskerby/ 



' See * The Times,' October 26th, 1871, Half-yearly Report of the Chairman. 
* See vol. ii., p. \'6i, * See vol. ii., p. 91. *• See vol. ii., p. 104. 
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, AND 8UnF4CB CONDESSEn. 



. Gilbert, 



" Havi.R FoETNnBT, Dreember H(A, ' 



" Sir, — On my return from Ivonrlon five weeks sinra I 
was (lisiipiKtintecl at not finding you in Cornwall. I have made 
inquii'y intri tlie duty performed by the best engines, and the 
cirounistiinceM they are uiiiler, from which it appeiirs to me 
there is something which as yet has not been accoiint«ii for, 
particularly in IJinner Downs engines. A statement was given 
to me by Captain Gregor, the chief agent and engineer of the 
mine, which appears so plain that I cannot doubt the facts, 
though they dift'er very widely from all former opinions. There 
- Rre two engines, one of 42 inches diameter, the other of 
70 inches diameter, 10-feet stroke. 

" Formerly those engines worked without cylinder cases, when 
the VO-inch cylinder burnt IJ wcy of coal, and performed a 
regular duty of forty-one millions; since that time brickwork 
has been placed round the cylinder and steam-pipes, leaving a 
narrow flue, which is heated by separate fires. These flues 
consume about bushels of coal in twenty-four hours ; the hent 
is not so great as to injure the packing, which stands good for 
thirteen weeks; the saving for several mouths past has in- 
creased the duty to sixty-three millions. 

" Before the use of this flue 108 bushels of coal were con- 
sumed imder the boiler, now only (>7 bushels are needed, which 
with the .') bushels in the flue gives 72 bushels. The coal burnt 
under the boiler gives a duty of sixty-six millions, or an expan- 
fiion of fiO (KT cent, by the heat of o bushels of coal in the flues, 
and a duty of 1781 millions gained in twenty-four hours by 
5 bushels of coid, which amounts to 350 millions gained liy 
Bach of these 5 bushels. The ■! 2-inch cylinder is as near as 
poftsible under the same circumstances, no "tions 
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have been made; and to prove this they left oat the firMii 
the flnee, and the engines fell bock to their former duty, ui 
the condensing water increased in the same proportion. 

" The Burftkce sides heated by this 5 bnahela of coal is abal 
300 Burface feet, the saving effected is 1781 millionf, wbichii 
six millions saving for each foot of surface on the oastingH in the 
flues. In Wheal 'i'owan engine that did eight y-«evi-n uillioB, 
the surface sides of the boiler was lUOOfeet of fir«--sidesfi>rewn 
bushel of coal burnt in an hour, and the duty perfonntd [w 
minutti frum each futit of boiler fire-sides was 150U ll». 1 fuol hieb. 
Now it appears that the heating of liiuner I>owns 30() tmAa 
feet gave a saving of GOOO lbs. per minute per surtatK tot: 
whereas the boiler sides only gave loU(t lbs, of iluty per niKOk 
for each foot of boiler fire-sides. Therefore the sdvinv bj 
heating the sides of the cylinder is equal to finir times thedotf 
done by each sijuare foot of boiler siiles ; and hirtber. it appeio 
that the 3U0 feet, when not hcmted, though clotheil round «itli 
brickwork, condensed or prevented from e\p,iiidiug the ttoM 
of 41 bushels of coals, which was eight tiiues as much steu 
condensed as the fi busheb of coal would raise. Now if tltii ht 
a report of facts, which I have no reason to doubt (but still 1 
will be an eye-witness to it next week), there must 1» a 
unknown propensity in steam abovo atmosphere strong to ■ 
very sudden condensation, and vice versii, to also a saiiai 
expansion, by a small heat upphed to the st<>Aiii-siile3 ; awl if 
by heating steam, independent of water, such a rapid expusu 
takes place, certainly a rapiil condensation must tnke nlttx i» 
the same ratio, which might be done at sea by cold sides la* 
great advantage, always working with fresh water. 

" I shall have a small jxjrtable engine finished here netl 
week, anil will try to heat steam, independent of water, rn "»mM 
tubes of iron, on its passage from the boiler to the Tvlinder.iliJ 
also try cold sides for condensing. 

" If the above statement prove to be correct, almost anythipg 
might be done by steam, because then additional water 
not be wanted for portable engines, but partially com 
again returned into the boiler, without any fresh sopuly 
incumbrance of a gre-at quantity; and boilers might W 
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Ith extensive fire-sides, both to heat water and sfeaui, iinJ yet 

frTery lif^ht. 

I "It ajipmirs tbat this engine, when working witliout tlie 
1 flues round the cylinder and pipes, evaporated 20,000 
gallons of water into steam, in twenty- tour hours, more than 
when tlie flues were heat«d, and the increitse of condensing 
water was in the same praportion. It is so unaecountalile to 
me that I shall not b© satisfied until 1 prove the fant, the result 
(rf which I will inform you, and shall be very glad to receive 
your remarks on the foregoing statement. 

" The first engine that will be finished here for Holland will 
be a ;^6-inch cylinder, and a 3li-inch water-pump, to lift water 
about 8 feet high; on the crank-shaft there is a rag-head of 
8 feet diameter, going 8 feet jwjr second, with balls of 3 feet 
diameter p.iaaing through the water-pump, which will lift about 
100 tons of water per minute. It is in a boat of iron, II feet 
wide, 25 feet long, 6 feet high, so aa to be portable, and pass 
from one spot to another, without loss of time. It will drain 
18 inches deep of water (the annual produce on the surface of 
each acre of hmd) in about twenty minutes for the drainage of 
each acre, with one bushel or sixpennyworth of coal per year. 
The engine is high pressure and coudeuning. 

" I remain, Sir, 

" Your very humble servant, 

„' " RiCUAHD TllEVITHlCK. 

" P.S. — Woolf is making an apparatus to throw biick from the 
bottom of the cylinder on to the top of the piston a fluiil metal 
every Htn>ke. He says he proved by an indicator that he raised 
18,000 inches of steam from 1 inch of water, of 11 lbs, to tho 
inch pressure on a vacuum, and that the reason why this 
engine did not do 300 millions, was because the steam passed 
by the sides of the piston. That an engine at the Consolidated 
Mines working 10 feet 2 inch stroke, going ^ths expansive, 
beginning with steam of '20 lbs, to the inch above the utmo- 
Bphere,and ending with II lbs. on a vacuum. I doubt this state- 
ineiit ; however, there is some hidden tli*^''*- -» -et, because 
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Bome euginos perform dmible a^ much as others, under the a» 
known ciix^mmBtancea, nml 1 believe thut uothing but [tnclMr 
will discover where thi« defect is, for, in my opinion, n« »d«i^ 
ment of theory yet given is aatigfactory why hifri»-pr«nii* 
engines so far exceed low-preasure engines. It is facts ihii 
prove it to be so, therefore nil theory yt-t biiii down miMt l» 
defective." 

At the date of this letter Trevithick had beeu ratkr 
more than a year in Englaud, residing g;GDeralU ll 
Uayle, within half-a-dozen miles of Mount's llav, fnai 




which he had sailed for America; and after elevtt 
years of wandering in countries where steain-engii 
were unknown, except those tliat he himself had c» 
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nicted, was ngain on his retum giving his whole 
Jioiights to the idol of liia life. 
During that period scientific men in Europe thought 
iRiid wrote much on the question of relative temperature, 
pressure, economy, and inanageahility of steam. New- 
comen's great discovery a century before was the 
avoidance of the loss of heat by the cooling at eacli 
stroke of the exterior of the steam-vessel of Savery's 
engine by injecting cold water into the steam in the 
cylinder. After fifty years came the Watt improve- 
ment, still reducing the loss of heat by removing the 
cold injection-water from the steam-cylinder to a sepa- 
rate condenser. 

The high-pressure steam-engine was perfect without 

injection-water, though when convenient its use was 

equally applicable as in the low-pressure engine. 

Tevithick, on his return to civilized life, read the 

tews of Watt on steam, as given in * Farey on the 

i-Engine.' On infonning Davies Gilbert of his 

;s of the accuracy of those views, and of his inten- 

of testing thera by comparison with the work 

irformed by Cornish pmnping engines, liis friend, wlio 

just published his 'Observations on the Steam- 

gine," forwarded a copy, from which the following 

1 extract : — 

f One buebel u( cual, wuighiug tl4 lbs., han bteu iViufld tn 

1 a duty of thirty, forty, and even fifty miUiimB, aug- 

; with improvements, chiefly in the tire-place, whicli 

>duce a more rapid combustion with fHtneeqiiontly increaaed 

}eratui¥, and a iiiorp ccimplete absorption of the generated 

; in addition to expansive working, and to the use o( steam 

i considerably alxive atmospheric preeeuro," 

.' Obiervatioim on the Rtwim- Engine,' by Da^-ies GillsTt, V.l'Ji.S , .laiiiiiirv 
"i, 1827. See ■ Philo!4(>p}iiRil Tmiiaiclii.QH." , 
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Those words gave the result of Trevithick's experi- 
ence made known to his friend during twenty years of 
labour,' and yet by a seeming fatahty his name is not 
found in bis friend's book. 

Sir Jolm Rennie, who in youth had been employed 
imder Boulton and Watt at Soho, aud had risen to be 
a member of the Royal Society, came about that time 
into Cornwall, at the request of the Admiralty, to make 
examination into the work performed by Cornish pump- 
ing engines, and selected Wlieal Towan engine on which 
to make special experiments.' The subject of Trevi- 
' thick's note was therefore at that period, and still is, a 
matter of importance; and his practical treatment of 
the question is more instructive to young engineers than 
complex rules. Arthur Woolf was at the same time 
experimenting on steam at the Consolidated Mines, and 
finding the want of agreement between the rules of low- 
presaure and the practice of liigh-pressure engines, im- 
puted the error to the escape of steam by the sides of 
the piston. Trevithick disbelieved this, " because some 
engines perform double as much as others, under the 
same known circumstances," and advocated the observ- 
ance of general practice to prove why high- pressure 
engines were more economical than those of low-pres- 
sure. Captain Gregor had placed fire-flues around the 
eteam cylinder and pipi's, hoping thereby to exceed 
the duty of the "Wheal Towan engine, whose boiler, 
cylinder, and steam-pipes were carefully clothed with a 
thick coating of sawdust or other non-conductor of heat, 
and lifted eighty-seven millionsofpoundsof water 1 foot 
high by the beat from a bushel of coal weighing 84 lbs. 
Tliis was the greatest duty tliat had ever been recorded 
from a steam-engine. The Trevithick or Cornish boilers, 



(■ IPttcT, vi'l. ii., l>. 113, 



., p. 185. 



AND SURFACE 0.)NDE.NSER. 



321 



Similar to those in Doleoath,' measured at the rate of 
lUOO sui>erficial feet of heating surface for eacli bushel 
of coal hurnt in an hour, and in round numbers gave a 
duty of 1500 lbs. lifted a foot high to each foot of boiler 
surface. In words not technical, the heat from 1 lb. of 
coal gave steam that raised 460 tons weight of water 
1 foot high. 

The cylinder of this engine used the Watt steara- 
jacket. The Binner Downs engine was doing not.one- 
Imlf this duty, namely, forty-one millions; when brick 
dues were built around the cylinder, cylinder cover, 
and steam-pipes, and one or two fire-places, fixed near 
the bottom of the cylinder, of a size to conveniently 
burn 5 bushels of coal in twenty-four hours, the heat 
from which circulated tlirough those flues on its way to 
tlie chimney, and increased the dnty of the engine by 
one-half, raising it to sixty-three millions ; in other 
words, during twenty-four hours of working, 67 busliels 
of coal in the boiler, and 5 bushels in the cylinder flues, 
did the same work as 108 bushels in the boiler without 
the cylinder flues, causing a saving of fifty per cent, by 
their use. Another startling fact was the greater effect 
for each foot of heating surface in the steam-cylinder 
flues than in the holler fines ; the latter gave a power 
of 1500 lbs. raised 1 foot high by a bushel of coal, while 
the former gave fiOOO lbs. of power from the same 
amount of coal and heating surface. 

Here was a mystery that Trevitbick would not 
believe until he had seen it with bis own eyes: lie 
searched for it for a year or two, and overlooking the 
fact that the more simply arranged engine of his once 
pupil, Captain Samuel Grose, was doing more duty tlian 
ihc superheating steam-engine at Binner Downs, he 

' Sec drawinit. vol. ir., p. KIO. 
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worked at wliat seemed to be new facts, and corn 
them into a uew engine. 

We have traced how succeedinif engineers tried 
prevent loss of he;it.. Trevitbick took the first boM 4 
and aiming at the same object, made the h^ilci' 
eteam-jacket for the cyHnder, aud in his patent of II 
went Btill further and protected the boiler fromeilrt 
cold, and thus describes it : — ** The steara which i-Ai 
iu this engine is made to circulate in the case roonJ 
boiler, where it prevents the external atmosphere ft 
affectmg the temperature of the included wattr. I 
affords by its partial condensation a supply for the bj 
itself."' So that a quarter of a century before tWJ 
of those Bhmer Downs experiments lie ha<l pah 
engine having neither cylinder nor boiler expcai 
tlie cooling atmosphere. The flues around the Bi 
Downs cylinder were difficult of controL Trevil 
nays the piston packing had not been injured, ■ 
that observers thought it would be, and even the < 
was endangered, for the writer, who stoked those 
flues, recollects the firee burning very brifhtlv in tfc 
The ready transmission of heat thronfjh thin ml 
used by Trevithick in 1802 for heating fecd-w 
and in the cellular bottom of the iron ship of II 
serving as a surface condenser," and bi^ experiewj 
1812, that "the cold sides of the condenser are I 
cifnt to work an engine a great many strokes wil 
any injection,"^ still followed up in 1828 by condi 
steam without the use of injection-water, led to wl 
since known as Hall's surface condenser. 

The following letter is in the haudwritiiio- of lb I 



' P'pe patent speciScation, vol. i^ p. 132. 

" See vul. L, p. 335. 

' Sec Trevittick'a letter, Ttli December, 1812, 
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writer ; 
numerous letters uot written by himself :- 

■' Mr. Gilbekt, •' Hatle, fisormfcr 3.0th, 1826. 

'■ Sir, — On the 2Hth inst. I received your printed rejwrt 
tin steiuu, and have examined Farey's publication on sundry 
esperimenta made by Mr. Wutt, whloh are very far from 
agreeing with the actual performance of the ouginee at Bimier 
DoM-ns. Mr, Watt iwys that steam at one atmosphere pressGre 
t-xpiuiils 1700 times it« ovra bulk as water at 212^, and that 
lurge enginea ought to perform eighteen miUions when loaded 
with 101l>a.tothe inch of actual work, the amonnt of condensing 
water being one-fortieth part of the content of the st«aiu in the 
cyliuiler at one atniospliere strength, the cold coiideusing water 
nt 50^, and when heated 100°, Thia would give for the Binner 
Downs engine, with a 70-iuch cyUnder, 10-inch stroke, 11 lbs. 
L'fli'ctivo work on the inch (thia loud being one-tenth more than in 
Watt's table, by Farey, for an engine of thia siae and stroke), 
57 gallons of iojoction-watcr for each stroke, aud when working 
eight strokes per minute, to do eighteen millions would consume 
llj bushels of coal per hour. 

" Now the actual fiiCt at Binner Downs, at the rate of working 
nod jjower above mentioned, is that 3 bushels of coal per hour 
were burnt, using 13 gallons of inject ion- water at each stnike at 
70'' of heat, which waa raised by its uae to 104^, or an increase 
of 34^ which, multiplied by 13 gallons, gives ■142. Mr. Watt's 
table for this engine and work gives 57 gtillons of condensing 
water at 50^, heated by use to 100°. Thia 50° raised, multiplied 
by the 57 gallons of water, amounts to 2850, or six and a half 
limes the quantity really used in the Binner Downs engine, aud 
nearly four times the coal actually used at present. Mr. Watt 
further says that steam of 15 Iba. to the inch, or one atmosphere, 
from 1 inch of water at 212° occupies 1170 inches, and that 
steam of four atmoajiheres, or 60 lbs. to the inch, gives only 
471 inches at a heiit of 293^. Now deducting 50° from 212° 
leaves 162° of heat raised by the fire. Multiply 15 lbs. to the 
incb by 1700 inches of steam, and divide it by 162°, gives 138°, 
whereiw if you deduct 50^ fmm 2SI3'^, it leaves the increase of 
t by the fire 243^. Steam of 60 lbs. to the inch muItipUed 
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by 471, being tbe Inches of steam made by 1 inch uf «ikt 
clivideJ by 243^, the degrees of heat raised by the e<ml, gin** 
product of 116 ; therefore, by Mr. Watt's view it »pi<eur« llut 
low BteAiu would do one-fifth more duty than high steiuii,utdp!l 
Binner Dowhb engine b actual work perfomje about fourtiBs 
the duty given by Mr. Watt's theory and practice, with cdr 
one-sixth part of the amount of heat earri^ ofT by the d*- 
deusing water, proving that high steam has luiich less heat, n 
(iroportion to its effective force; and this is further prorwlk 
the small quantity of condensing water required to extnctib 
heat 

"Yesterday I proved this 70-inch cylinder while vmfciig 
with the fire-Hiies romid it, which flues only eonsiuned 5 boditli 
of coal in twenty-four hours. The engine worked eight straka 
a minute, 10-feet stroke, 11 lbs. to the inch effective forcroatb 
piston; steam in the boiler 45 lbs. above the attnoephcre, «»■ 
suming 12 bushels of coal in four hours, usin^ 13 gallcnsi/ 
condensing water at each stroke, which was heated from Ttf B 
104°; but when the fires round the cylinder vere not kepliiji 
though still having the casing of hot bric-kwork around it, ui 
pertoi'ming the same work, burnt 17 bushels of coal in the §at 
time of four hours, and required 15^ gallons of condcuof 
water, which was heated from 70° to 112°. You will find tU 
the increased consumption of coal, by removing the fire fiM 
around the cylinder, was nearly in the same proportion utkl 
increase and temperature of the condensing water, efaovog 
the experiment to be nearly correct. 

"From the general reports of thfi working of the et^^oaB 
appears that when the surface sides of the castiogs are ialei 
either by hot air or high steam, the duty increases neit^ 
fifty per cent, from this circumstant'e alone. 

" A further proof of the- more easy condensation of hifk 
steam was in the Binner Downs 42-inch cylinder engine, Mat 
stroke, six strokes i>er minute, II lbs. eflective power tm mi 
inch, burning IJ bushel of ('oal an hour. In this eugiiu> tb 
proportion of saving by the heating flues was the same ■■ • 
the large engine. I trie^l to condense the steam bv thef^' 
sides of the condenser, without using injectiou-water, H 
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water in the condenser cistern was at 50°. After working for 
twenty-five minutes the small quantity of hot water dLsehargetl 
St the top of the air-pump reached 130^ of heat, but then would 
rise no higher, the cold sides of the condenser Ijeing equal to 
the condensation of all the steant. The eduction-pij^e and air- 
pamp, with its bottom and top, gare 60 feet of surface sid^^ of 
thick C€i8t iron, and about 20 feet more of surface sides of a thin 
copper condenser; altogether, 80 feet of .surface cold sides, 
surrounded by cold water. About half a fiound on the inch was 
lost in the vacuum, the discharged water Ix-ing ISif' of heat 
instead of 100^. The vacuum was made imj^erfect by alxrut 
1^ lb. to the inch. 

" It is my opinion that high steam will expand and contract 
with a much less degree of heat or coM in pro|K>rtion to its 
effect, than what steam of atmosjihere strr^ng will do. I intend 
to try steam of five or six atmospherffs strring, and |mrtially 
condense it down to nearly one atmosjAere .strong, and thcji by 
an air-pump of more content than is u.sual to return the steam, 
air, and water, from the top of the air-pump, all l^ek into the 
boiler again, above the water-level in the U^iler, anrl by a great 
number of small tubes, with greatly heat^-^l surfar-e sideH, to nj- 
heat the returned steam; though by this plan I shall Io.*u* the 
power of the vacuum, and also the jKjwer re^juir^'d on tin* air- 
bucket to force the steam and water luick again into the l>oiIer, 
yet by returning so much heat I shall over-lmlanr*^? tha loss of 
power, besides having a continual supply of water, whifh in 
portable engines, either on the road or on the sfa, will 1k^ of 
great value. 

" 1 shall esteem it a verj' great favour if you will 1k,» m gofxl 
iis to turn over in your mind the prol^jible theory of those 
statements, and give me your ripinion. If Mr. Watt's reports 
of his experiments are corrtfct, how is it iK>Ksible that the high- 
pressure engine that I built at the Herland thirteen years ago, 
which discharged the steam in oiK»n air, did more than twcjnty- 
eight millions? if you wish, I will srjnd a copy of the certifi- 
cate of the duty done by this engine, which statoH very minutely 
every circumstance. Now that cylinder, with evc^y part of the 
engine, was exposofl to the cold ; had it been heated around 

VOL. ir. Z 
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those surfaces, as on the present plan, it would have done al)ov<> 
forty millioiiB. 

'■ Suppose the Binner Downs 70-iiicb cylinder engine, 10-fe*t 
stroke, working with full steam to the bottom of the rtrok*-. 
whf-n, by the ex[«>rinient, the heated flues were again laid on 
would have worked one-third expansive, hy tho heat of 6 bushels 
of eortl around the eylinder. Now ono-thir«l of the power would 
muke a 3 feet 4 inch stroke, 11 lbs, to the inch effective jiower, 
eiffht strokes a minute, during twenty-foor hours, hy the con- 
siiniption of 5 bushels of coal applied on the surface sides of tho 
cylinder, performing a duty of 324 millions with a bushel nf 
coal. Now siipiwse the cylinder without the heating flues hiul 
the steam cut off at two-thirds of tho stroke, and that it is 
possible in a moment to hejit the cylinder by the flues ; in that 
case the steam would, by its expansion from the hot si<les, fill 
the last thinl of the cylinder to the bottom of the stroke ; then 
if that steam could be suddenly cooled, so as to contract it 
one-third, tht; piston would ascend one-third its stroke in the 
^^^ cylinder ; and it appears in theory by this plan, that a cylinder 

^^M once filled two-thirds full of steam, by receiving the heat on its 

^^H surface sides from 5 bushels of coal, and again suddenly coot- 

^^H ing down, would continue to work for ever, without removing 

^^H the 8t«am from the cylinder, and would perform a duty of 

^^M 324 millions. This never can be accomplished in practice in 

^^V this way, but the effect may be obtained by partially condensing 

^H in a suitable condenser, and again heating by hot sides. 

^^1 " This mystery ought to Ije laid open hy experiment, for 

^^H what I have st»»ted are plain facts from actual proofs, an<! I 

^^M have no doubt that time will show that the theory of Mr, Watt 

^^M is incorrect. Though there were 300 feet of cold sides, yet 

^^M 200 feet were not condensing st^am, because on the return of tho 

^^H piston, what was condensed below, and while the engine wan 

^B resting, did not make against it more than what was conclenseil 

^^B above the piston on its descent; therefore you may count on 

^H 150 feet of cold external sides constantly condensing, that made 

^H this third-pirt difference against the expansion of the st^am. 

^H " 1 remain. Sir, 

^^L " Your vory humble servant, 

^^^^^^_ " Einii). TRRvtriiicK." 
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Tlie writer's iiote-buok used during tiiOHe exju'riiiu'iils 
is ill his poasessiou, as well aa Trevithick's noto-bocik 
giviug particulars of experiments at several minea, from 
wliicli the lollowiiig extracts are taken : — 

" Cornwall, August, 1828, — Wheal Towan SO-inch cylinder, 

10-feet stroke, 69 strokes per minute, loaded t<i 9'5 lbs, on 

the inch of the piston, with three of Trev it hick's Ijoilers, oiicli 

37 feet long, 6 feet 2 inches diameter, with fifL'-tiihe 3 feet 

9 inches diameter, fire-pluee 6 feet long, evaporated 13 sqiuirc 

ifeet of water with 1 bushel of coal,' duty 87 millions. The 

' lieat m the stack was just the same as the hoat of the steaiu 

1 in the boiler. Another engine of the siune size on the same 

I mine, with similar hoilera, but working only 4 06 strokes pr 

■' ikiinute, loaded to 4 55 lbs. on each inch of the piHton, diil 

50 -8 millions. 

" Wheal Vor 53-iiieh cylinder, 9-feet stroke, 6 ■ 59 strokes per 
mitiutc, loaded to l!l|j8 lbs. on each square inch of the pist^ui, 
did 36-6 millions. 

" Wheal Darasi.'l 41-inch cylinder, 7 feet *> inch stroke, 
5 '52 strokes per minute, loaded to 21 5 lbs. on the inch of the 
piston, did 33 millions. 

" It would appear, therefore, that about 10 lbs. to the inch ou 
■ Ihe piston allows of the best duty, and that a 10-foet stroke 
. excee4ls in duty a 7 feet 6 inch stroke. 

, " The Wheal Towan engine, doing 87 milUona, had 1248 feet 

, of tube flre-surfaee, anil a similar amount of external boiler 
f surface in the flues. 2^ bushels of coal were consumeil cuch 
", hour, giving about lOOU feet of fire-side^ for each bushel of 
_ tool consumed jier hour, and 50 feet of fire-bars. Those boilers 
^ were intended to supply steam for working the engine at ten 
, strokes a minute ; a bushel of coal an hour would in that cose 
, have had UOO feet of boiler fire-surface. 

" Burner Downs 70-inch cylinder, 10-feet stroke, did 41 mil- 

,, lions. A fire was then put around the cylinder and steam-pipt^s, 

which burnt 5 bushels of coal in twenty-four hours, by which 

the duty was increaaed to ti3 millions. The surface sides of the 
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cylinder, eylinder-top, and Bteani-pi[)e8 heated by flues ' 
300 feet, and caused a saving of 41 bushels of coal in twenty- 
four hours. Another engine in the same mine was tried, hit viug 
a 42-inch cylinder ; when the fire was around the cylinder, she 
worked 100 strokes without injection-water ; the expaneion-valve 
was cIoscmI at half-stroke, the steam in the boiler 56 lbs. on tho 
inch above the atmosphere." 

It is not easy to deal with the important reasonings 
flowing from those facts, and influencing the form and 
economy of the ateam-engine, nor to show if Trevitliick 
was right in discrediting tlie laws laid down by Wutf, 
Newcomen's engine had the interior, as well as the 
exterior of the steam-cylinder exposed to the cooling 
atmosphere. Watt, by putting a cover on the cylinder, 
reduced the loss of the heat from the interior, and by 
his steam-case hoped to reduce the loss from the exterior, 
though by it he increased the amount of surface exposed 
to tlie cold. In Trevithick's early engines the boiler 
alone exposed heat-losing surface, and tliis was further 
reduced by its own comparatively small size, the engine 
and Iroiler complete not exposing one-qnarter of flie 
surface of a Watt low-pressure engine of equal power. 
One object of the Binner Downs experiment was to 
further curtail this loss of power by increasing the heat 
of the steam while in operation in the cylinder, since 
called superheating steam. 

This principle of giving increased heat to steam, 
after it had left its state as watei-, was made practical 
by Trevithick's boiler at Wheal Prosper in 1810, where 
the fines having fii"st been carried around tlie water 
portion of the boiler, then passed over the steam portion;' 
and again in the upright boiler of 1815, having the 
upper end of the fire-tube surrounded by steam above 
the water line.' Those early beginnings of super 
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ng steam and surface condensation culminated in 
the Binner Downs expeiimenta of 1828, one immediate 
practical result of which was the tuhular surface con- 
denser, enahliug; steamhoat boilers to avoid, in a great 
measure, the use of salt water, facilitating in a marked 
degree the application of marine boilers and engines 
with steam of an increased pressure. 

The Binner Downs engine, with a cylinder of 70 
inches in diameter, and a stroke of 10 feet when working 
■with steam in the boilers of 45 lbs. to the square inch 
above the atmosphere, and using the heating flues ai'ound 
the cylinder, required 1 3 gallons of injection-water at 
each stroke, and consumed at the rate of 3 bushels of 
coal au hour, to produce a duty equal to eighteen 
millions; by removing the cylinder superheating flues, 
the quantity of injection-water for the same amount of 
work increased to 15i gallons, and the coal to 4i bushels. 
Watt's rule for his low-pressure steam vacuum engine 
doing a duty of eighteen millions, gave 57 gallons of 
injection-water, and Hi bushels of coal. 

On the question of coal, this statement agrees very 
nearly with Trevithick's letters of sixteen years before, 
when he used the high-pressure boilers in the Doicoath 
pumping engine,' promising that his high-pressure ex- 
pansive engine would do the work with one-third of the 
coal required in the low-pressure vacuum engine. 

The high-pressure steam required a less amount of 
injection-water to condense it than the low-pressure 
steam, in proportion to the work done, showing the 
Watt rule and the Watt experience to be inapplicable 
to high-pressure engines; for instead of 57 gallons of 
injection-water the Binner Downs engine with steam of 
45 lbs. to the inch required but 15i gallons of injection- 

' See vol, ii., p. 171. 
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water, and tluK amoimt was further reduced to 13 gailo» 
by superheating the steam ; this roughly agrees wHk 
the coal consumed, or in other woi-ds, with the anWHin* 
of heat to l>e carried oft' hy iujection-water : the WsH 
rule giving llj bushels as the fair allowance for Io»- 
pressnire steam vacuum engines, while the high-pressure 
steam vacuum engine burnt but 4.^ bushels. This wu 
further ]e<luced to 3 bushels by suijerheating. Tbcw 
facta led to tlie idea that if the steam pressure was suffi- 
ciently increased, condensation might be carried on 
without any injection-water, by the transmiasiou of fl* 
heat in the steam through tlie metal sides of the a»- 
denser. An experiment was at once made by nmof 
ing the Watt condenser and injection-water, as he W 
done seventeen years before,' using in their stead » 
thin eopjier surface-condenser immersed in cold wstei, 
proihicing, within J lb. on the inch, as good a vacaiai 
as when inject ion- water was used, leading to the ceo- 
elusion, — 

" It in my opuiion that high eteam »ill expand and cuntad 
with (I much less <legree of heat or cold, in proportion w in 
cfleut, than what Bteam of atmosphere strong will Ho. I iniad 
to try steam of five or six atmospheres strong, an<I iWitlitB; 
condense it down 1« nearly one atmosphere strong, and ibenh 
an iiir-pump of more content than is usual to return the st«». 
air, and water back into the boiler again, and by a great uumW 
of small tubes, witli greatly heated siu-face sides, to reheat th 
returned steam." 

This, in practical words, is the surface condenser br 
whicli the used steam is returned to the boiler ia tbi 
form of water. The more general use of higli-presegie 
Btcani of 70 or ilO lbs. to the inch, iuci-easing it 
sivc force on one side of the piston hy superht 



' Si-t QiKTV Snl, vol iL, p, Ifl. 
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on its passage throtigh niunbei-s of small tulies, aud 
decreasing ita expansive! force on tlio other side of the 
piston by cooling it in passage through similar tubes 
exposed to cold, is partly effected in steamboats, but 
lias not yet been attempted in engines on tlie road. 
After a mouth's further consideration he wrote : — 

" Wheul Towiin cngiue is working witli tliree boilers, all of 
tlio same size, iirnl the strong fltcaui from the boilers going to 
the cylioder-caao ; the boilers arc so low as to admit the con- 
dmsefl water to run hiiek from the ciise ugain into the boiler : 
they find that this water is sufficient to feed one of these 
boilers without any other feed-water, therefore one-third of the 
eteam generated must be condensed by the cold sides of the 
cylinder-case, and this agrees with the experiments I sent to 
yon from Burner Downs. Wheal Towan engine has ivn 80-inch 
cylinder, and retjuirea 72 bushels of coal in twenty-lour hours, 
thei'eforo, the cylinder-case must, in condensing high-pressure 
Bteum, use 24 bushels of coal in twenty-four hours. Boulton 
and Watt's case for a 63-inch cylinder working with low-pres- 
sure steam, condensed only 4 J bushels of coal in equal time, the 
pntportions of surface bemg as 1!>0 to 240 in Wheal Towan. 
Nearly live times the quantity was condensed of high stvam 
than of low steam, proving that there is a theory yet unac- 
coiintetl for." ' 

Tliese apparent facts are, in the case of steauiboats, 
more culpably overlooked now than when he wrote 
forty-two years ago ; engines have been examined and 
l-eported on by eminent scientific men, but it was left 
for Trevithick to point out that cold on the surface of 
the oteam-case of a Watt low-pressure steam vacuum 
engine condensed about one-fifteenth of tlie steam given 
from tlie boilers, and that the loss from exposure to cold 
was nearly five times more i'rom high-pressure steam 
than from low-piessure. Within a few more months he 

^ ' Seu Ta'viLldck'-. IcU.jr, Jiiimiiry liJth, Ici2[l, vul. ii., p. aoy. 
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defermincd on constnictiug an engine for tbe purpoe 
of more accurately testing those vie^s, 

" Mb. GrLBEBT, " HAru; Fousiim, J"^ 27tt, 1821 

" Sir, — Below you have a sketch of the engine tii«t I « 
making here for the express purpose of experinieuting on tk 
workiii<^ the same stetmi and water over uud over aguin, heatii^ 
the rt'tunieJ steam by pasBing a, a 
sDinll streuus u|> through tbe btf 
tvutcr I'rom the bottom of the boSrr. 
The boiler is 3 feet in dtamelrt, 
standing perpendioiilar ; the int*rw 
fire-tube is 2 feet in tliamelcr; Iboe 
in a steam-case round the outside rf 
Ihe boiler with a 1 j-inch sptnf, Tte 
keeps the boiler hot and pwtiillj 
condenses the steam before it is iffit 
forced into tlie boiler. 

"The boiler is 15 feet high; if 
cylinder 14 inches diameter, nilb * 
(i-feet stroke, single power. Tbe pa; 
for forcing the steam and water UA 
ugain is 10 inches in diameter, iiA 
a. 2 feet 9 inch stroke, about » 
quarter part of the content of ik* 
hteaiii-cyhuder. Ihe bottom of fc 
T j boiler will have a great uumber i 
small holes, about iVtU of u bi 
in diameter, tlirough which the stO* 
delivered into tbe boiler will paaf 
through the hot water, by wkici 1 
should think it will heat tho»end 
Hf reams of steam again to their tifd 
temperature. 

" The pump for lifting waiei l» 
prove iho dnty of the engine is 9 
inches iu diameter, with a (i-feet stroke, but this may be l^i^ 
ened to a 12-feet lift, as the trial or loud iu the exjieriiiieDl 
may refjuii-o, giving from 12 to 24 lbs. to tbe inch in the iiist* 
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I macbine will be ready before your return to Cornwall, and 
itend to prove it eflotitually before I go to Kolland. 

I^The Hollaud engine lifted ou the trial, when they came 
Town to Bee it, 7200 gallons of water a minute 10 feet high 
with 1 basliel of coal an hour; exceedingly good duty for a 
small engine of 24-inc'h cylinder, being 34,560,000 of duty. 

"On the 17tli August the trial comes on between the two 
LHimpafiies about the quays. Tliey are as desperate as possible 
on both sides, and caaliugs and every otlier article are tlirown 
down to 30 per cent, below cost price ; iron pumps for 63. 6d. 
per cwt., and coal sold to the mines for 37s. 3d. per wey, when 
488. jier wey on boanl ebip waa [«tid for it. 8everal thousauds 
lost per year by each party. This never can last loug. If you 
can think of any improvement I shall be very glad to hear in 
time, before it may be too late to adopt it. At all events, if it 
is not too much trouble to write, I shall be very glad to hear 
from you. What effect do you think the water will have in 
heating the steam on its passage to the top of the water from 
the false bottom of the boiler? 

" I have a cistern of cold water, with a proper condenser in it, 
connected between the bottom of the boiler-case and the force- 
pump to the bottom of the boiler, therefore I can partiidly 
condense by cold water sides, or by cold air sides just as I 
please, by rising or sinking the water In the cistern. 

"Tbe boiler is made very strong to try different temperatures, 
and an additional length to the water-pump makes all very 
suitable for a great number of experiments, and if there is any 
good in the thing I will bring it out. 

" I shall have indicators at different places to prove what 
Advantages can be gained. I hope to have the pleasure of your 
company during those experiments, which I think will throw 
more light on tiiis subject than ever has yet been done. Some 
trials since 1 last wrote to you make me very confident that 
much good will arise from these experiments, but to what 
extent is uncertain. 

"I remain, Sir, 

'• Your most oboilient stTvunt, 

'■ UlCUABU TUEVITUICK." 
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TrevithJck did not use letters to illiiHtrate liis ah-ii^. 
knowing that Daviea Gilbert would compreheml it ; imt 
tlie reader of to-day may not find it so- easy, therafw; 
tlie writer has abided them with a slight detail deso^- 
tion, he having been Trevithick's daily compmiiii 
when those drawings and experiments were mttie. 
a, top of boiler; b, water hne; c, centre of wb«l; 
d, cast-iron wheel and chain; e, chimnej', 13 in, in 
diameter ; /, fire-tube, 2 ft. diameter ; ff, outer boiln- 
case, 3 ft. diameter, 15 ft. long ; A, water spnce of fi in.: 
i, boiler steam-ease, 3 ft. 4 in. diameter ; _;', small fcol* 
through which steam and water are forced into lie 
lioiler; i, force-pump, 10 in. diameter, 2 fl. 9 in. Btnib; 
I, steam-cylinder, 14 in. diameter, 6-ft. sti'oke; w, pirt* 
rod ; n, fire-door ; o, fire-bars ; p, i>ump for testing tb 
power of the engine. 

There is a natural tendency in men of genias <t 
unwittingly return, under new forms, to old ideas. Tk 
ideas are similar, though in combination with ncwfons 
and new acquirements; even the outline of this liSi 
boiler, with the exception of its outer Btcam-casiiig, it 
very like that in a letter to Davies Gilbert founes 
years before,' of wliich Trevithick had kept no cop. 
When in the foregoing letter he wrote, " Then: i*l 
steam-case round the outside with a 14-incii spaa; 
this keeps the tioiler hot and partially condenses tlir 
steam before it is again forced into the boiler," bt 
had forgotten that tweuty-seven yeai-s before, wl 
constructing his first high-pressure steam-engines, h 
thus specified his invention : — " The steam wli^ 
escapes in this engine is made to circulate in Or 
ease i-ound the boiler, where it prevents the exttTtd 
atmosphere from affecting the temperature of the ii 
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ed water, anil afibrda liy ita partial conduusation 
rpply for the boiler itself." ' 
jNot one of his numerous patent specifications has 

Jen found among his papers, neither do liis letters 

refer to them ; probably he never read them after the 
I first necessary examinations. 

" Mr. Gilbert, " Hayle Founhby. Nowmher r,ih, 1829. 

" Sir, — The engine has been worked. The result b ten 
BtrokeB per minute, (i-feet stroke, with half a busliel of coal per 
llour, hfting six thousand pounds weight. Tliia was done with 
water in the cistern round the condenser, which water came up 
to 180 dugrees of heat, and remained so. The water sides of 
Uie condenser covered with this hot water was 50 surface feet, 
I tried it to work with the cold air sides, but I found that the 
cold air sides of 120 feet would only work it four strokes per 
minute. I should have worked tlie steam much liigher than 
Splbs. to thr incli, but being an old boiler I thoiiglit it a risk. 
I am now placing an old boiler of 350 feet of cold sides more to 
the condenser, to give a fair tiial to condensing with cold sides 
^onc. The steam below the piston was about fi or 7 lbs. to 
tho inch above the atmospliere. Tlie force-pump to the boiler 
^vfts abcmt one-fifth part of tlie content of the cylinder, and the 
faive close to the boiler lifted when the force-piston was down 
About two-thirds of its stroke, at which time the returned steam 
aotered the boiler again. I have no doubt of doing near ten 
ttimos the duty that is now done on board ships, without using 
salt water in the boiler, as at present. Our boiler has been 
working three days and the water has not sunk 1 inch per day. 
I am qnite satisfied the trial will he a great success. 
" " Mr. Praed and Sir John St. Aubjm are anxious to get a high 
btUik caiTied out from Chape! Angel to 15 feet below low-water 
murk on the bar, to make Hayle a floating harbour. 
' "I have proposed to make a sand-lifting engine. When I 
bnilt tlmf engine for deepening Woolwich Harbour, we lifted 
3U0 tons [icr hour through 36 feet of water, and 20 feet above 
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cold air sides was 565 lbs. per nunixtey about one-thirteenth part 
of the condensing of cold water sides. We never wanteil to get 
the steam aboTO 60 lbs. to the inch. I have no donbt but thut 
copper pipes of ^nd of an inch thick, clean and smalL wonlil 
do considerably more, because the hot water that came ont of 
the boiler from the condensed steam was bnt 170 dein^^^. «uid 
the external sides the same heat when the 3team wad 13 lbs. 
above the atmosphere in the condensing: boiler. Tliw b«>Qi="r 
was 4 feet 6 inches diameter, and I think that towarLs the 
external sides of the boiler there was a colder atmi)S]:'here. if I 
may call it so, than what it was in the mififile of thi;? lanre 
condensing boiler, becanse I fonnd by trying a «mall tin Tn?,e. 
that it would condense 1500 lbs. for ea«.-h ft^^jt of cold air -ile*. 

** However, as it is, it will do exceedingly well for port-ible 
purposes. 

" The duty, I doubt not, will be, both for water and air sides 
condensing, at least 50 per cent. aVjve onr CornL^h engine*, 
which will be above four times what is now d*:»ne ^irh ships' 
engines, especially when you take intu conT-iderati'm th^ir 
getting steam from salt water, and letting out .^o much water 
from the boiler to prevent the ?alt from accnmulatin^r in the 
boiler, which will make 30 per cent. mi>re in it* favour. 

"If strong' boilers to stand 2W lb*, to the inch are made 
i^-ith smaU tubes, I have no doubt but that the dutv would be 
considerably more, and my engines will not be one-^'juart^T i>art 
of the weight, price, or space of others ; and when every atlvan- 
tage is taken it will be lUOO per cent, sujierior in Siiving of coiil 
to those now at work on board. This engine wiirks well, luid 
returns the steam very regularly every stroke into the boiler. 

" I am extremely sorry you were not present to soo those 
experiments. Please nuike your remarks on these statements, 
with any further information you may judge useful. 

" I shall now make drawings agreeable to my experiments 

for actual jxirformance on board ships. In hope of hearing 

from you soon, 

" 1 remain, Sir, 

" Your very humble servant, 

"UiniD. TUKVITHICK." 
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The large oKI boilers iisod na suit'ace coiideiisuts, in 
which the steam was partially condensed by the trans- 
mission of heat to the exterual atmosphere, together 
with its further condensation in a smaller condenser witli 
cold water around it, so reduced its expaneiveness, that 
a large feed-pump drew the hot water and steam from 
the small condenser, and forced it back into the boiler 
without any reduction of quantity ; those temporarv 
contrivances, almost immediately resolved thtruselvcK 
into a condenser made of copper tubes surrounded hv 
cold water. 

Having proved by six months' experiment on a 
working scale the practicability of tlie pla.n wbicli in 
reality he had invented twenty years before in the Iron 
steamship,' he wrote in June, 1830 : — 

" To THE KiQUT Honourable the Lords Com mission em 

OP THE Admiralty, Ac, Ar., A'\ ^M 

" My LoKDS, flB 

"About one year Rince I had the honour of att«uditig 
your honourable Board with proposed plans for the improTemt-iit 
of Bteam naiigation, and as you exprossofl a wish to see it 
accomplisliod, I iuimeiliately made an engine of cousidemblii 
power for the express purpose of proving by pnictice what 1 
then advanced in theory. I humbly request yuur lordships will 
grant me the loan of a vessel of about 20U or 300 tons burthen, 
in which I will fix at my own expense and risk an engine of 
suitable power to propel the same at the speed required: no 
alterations whatever in the vessel will be necessary. When 
under sad the propelling apparatus can bo removed, and when 
propelled by steam alone, the apparatus outside the shiji will 
searcoly receive any shock from a heavy sen. This new in- 
vention entiiely removes the great objection of feeding Uie 
boiler with salt water." 

This petition was backed by Mr. Gilbert and Mr. 
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»e Ronnie. Ilis old tViond Mr. Mills t-ook an 
si in it, and wrote, " I am going to meet Captain 
nds at Woolwich again to-morrow, and hope 
I able to persuade him to use hia influence with 
» Hardy." 

"Laudekdale Hocbe, IlmaoATK, 
telLBERT, " Ai'S'isi laih, 11^30. 

'* Sir, — The boiler witli tlio fire-place, cold air tubes out- 
m boiler but within the ateam-case, fire-tubes in tlie boiler 




:lie top of tlie fire-place to 
»p of the boiler, tlie aah- 
ise, except a small door to 
jut the asliea. 
lie design is for the cold 
pass down from the top 
) boiler through the air- 
within the steam-case sur- 
ing the boilers, becoming 
i in its passnge by con- 
ig the steam in the case, 
hen to pass up through 
re-bars iu the hot state, nearly as hot as the steani in 
ise; because this air, heated to nearly 212 degrees hy 
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<ir condcDBatioQ of steam ; i', i tubos in cundcnger ; I, cliiiimuy ; m, 
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condensing the etoaiu in its passage wittiont any of ils osy^ 
being burnt, it will not cjirry off so much beat from tlie fire 
as cold air would, and sliil have the same oxygen oa cold air 
to consume the coal. 

"The cold air will be passing down the ateam-case in tlie 
air-tubes, and up through the fire and fire-tubea in the boiler. 
I find by experiments I have made here, by placing a tin 
tube 2J inches in diameter, 4 feet long, inside a 4-incb tube 
of the same length, having boiling water and steam between 
the tubes, kept hot by a fire round the outer tube, mill a 
smitii's bellows blowing in at the bottom of tlie inside tube, 
having 2,^rds surlaeo feet of condensing sides, measuring tite 
inside, where the air is passing up from the bellows, heats irom 
60 to 134 degrees 15 square feet of cold air per minute. 
When you compare the effective heat of 74 degrees given to 
15 cubic feet of air every minute from 2§rd3 surface feet of 
tin plate, and the heat contained in 15 cubic feet of air 
charged with 74 degrees of effective heat, compared with ateaia 
of atmosphere strong, you wilt find that the condensing power 
of surface sides is very great, and for locomotive purposes 
might be carried still further, by forcing the air more quickly 
through the tubes. If the statemeuta on air given in some 
books that I have read are correct, that there is about three 
times as much heat in 1 gallon of steam of atmosphei-e strong 
as tliere is in 1 gJiUon of air of 212 degrees of heat, in that cose 
I surface foot of tin-plate sides of this pipe, by sending off tbe 
hot air before described, would take out the heat of IJ culio 
foot of steam per minute of atmosphere strong, which in the 
common condensing engine would be equal to a duty of 
2700 lbs. lifted 1 foot high per minute ; but in the liigh- 
presauro expansive engine, the heat of IJ cubic foot of steam 
would give a duty of 10,800 lbs,, or four times the dutv of the 
Boulton and W^att engine. 

" If you calculate on tbe air being heated to nearly 212 degrees 
before it entei's the fire, together with the heat g^veu to the 
sides of tbe boiler, the fuel saved will be aboTe one-half on 
what lias been done by the bigli-presaure euginea in Cornwall, 
because at present the coal must pay for heating the cold air, 
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tnd is lost tliroiigh tlie cliiiiiney ; whereas if the heat of the 
•rteoin, by jiassiiig into tlje cold air, on its way tbniugh Die 
condenser tubes, ia carried into tlie fire-placp, one-half of tho 
coal must be ^ayed ; ^nd you will fnid by calculatinn that the 
'^uaiitity t.,{ air required to burn tho coal, and also to condense 
^e steam, goes exactly in pro|K'r [iroportion fni- each other, and 
fjv locomotive engines with a blast will go liand-in-hnnd ahnost 
tO' any extent, and tho size of an engine, for its power, is a 
mere notliing. 

I " A smokH-jatk fan in the ash-pit niider the fire-bars, worked 
by the engine, wouhl draw air down the condensing tubea, and 
forte it up througii the fire and fire-tuljes always witii the 
■|ieed refjuiretl, as the steam and the condensation wonld incrense 
■in the same rati(>. 

' " As it is possible to blow so much cold air into a fire as to 
.put it out, by fii-st .healing the air it would burn all the 
Mronger, and whatever heat is taken out of the condenser into 
the' fire-place from the steam that has bL'on made use Of, half 
lliis extra lieat will go into Ihe boiler iigain, or in other words, 
:fcnt half tlie quantity of cold will be put into the fire, being the 
Mnie in eft'ect nS saving fnel. Taking In'nt from the condenser 
I through the boiler sides is an additional new princi|ile in this 
Engine. I find by blowing Ihrongh tubes that the condensation 
•JbS a surface foot of air-tnbe against a surface foot of boiler fire- 
tube is greater than the fire that passes through the boiler- 
Aides, where the common cidmney draught is used, by nearly 
dunble; but I expect when both air and fire tubes nre forced by 
a strong cnirent of air it will be nearly cquid, and the increase 
of steam and of condensat on can be increased by nn increased 
trQrreut-of air, so as lu cause a surface foot of fire and of air 
udes to do perhaps five times as much; and of ccurse the 
niuchine will bo lighter in proportion. I think air sides con- 
densation preferable to watj?r sides, as so small a space does the 
, work, and is always convenient, and its power uniformly in- 
ereoeing with its speed, by the increased quantity of air, without 
'the weight of water vessels. This kind of engine can be made 
to suit every place and purpose, and I think such an '"""•nn of 
VOL. II, 
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the weiglit of tt iionltou and M'att engiue will p^onn 
lime§ tlie duly- 

" Air sides eundensation will be advantag«oas on Inaid^ 
because tUero are holea for the passage of water throng ll 
b.^tom aud sides of tbe s'lip. 

"I &at annioMB to have your o|iiuioQ un tilts plan of Ktanni 
tlio hot air frum tbe coudcuser to tbe firo-platre, HOt) tdud <■ 
tliink the effect will be. 

" The Comptroller of tlie Navy iias not yet ivtamed 6a 
i'lyinoutli, therefore no answer has been givea to me. 

"Ton will see by tlie sketch how very small and compMti 
engine is now brought without complicatioit or difficultT ; Mt 
surface foot of boiler and condenser is eqaal to one-thiri rfi 
horse-power, weighing 20 lbs., or GO lbs. weight for eaci 
power. The consumption of fuel is so small wliea workiui 
differential engine, that I expect it will not exceed 1 IK of «J 
per bonr for cacli horse-power. 

"The cost of erection and required roo:n are so small bV' 
its simplicity that it will be generally used. As I tun «f; 
anxious that every possible improvement sbould be ootuatim' 
prior to making a specili cation for a patent, I mnst iv^ Ita ' 
you will have tbe gooJtienj to couaider anil calculate g& At 
data I have give^i you. I aru sorry to trouble you, but I 
satisfied this will be to you rather a pleasing amuaement 6m 
A trouble. The warming machines will take a verv 
run, and I believe will pay esoeediugly well. 

"I am almost in the mind to take a ride down to seemo*) 
few days, but am now detained here abont tbe AiDericao BOUit 
concerns. 

" I remain. Sir, 

" Your very humble servant. 

"Kd. TREVITHirK.' 

Tbe letters and foot-note are the only cliangesntti 
by tlie writer in Trevithick's original sketch ^it 
scriptive of a wonderful application of varied lol 
improved principles of long-kuown difticultv aud a 
portance; tbe beautifully compact tulmlar boiler, 
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giving high-pressure superheated steam, surface coii- 
■lensation, absence of feed and condensing water, and 
return of the heat, in other engines wasted in condensa- 
tion, to the fire-phice ; though there is little or no mention 
of the mechanical or moving pails of the steam-engine, 
yet its vital principles are grasped with the hand of a 
master. The sketch in the lettt;r hastily mnde forty 
years ago is more ingenious than any portable engine 
since constructed, thougli there may be no sufficient 
proof of its practical success. The propeller to be 
worked by this novel engine was of couiw his loug-idle 
licrew. 

Steam Engines, 2U( Febrvar;/, 1831. 
•■ Now KNOW YE. that in compliance with tlie suit) proviso. I, 
the said Richard Trevitliick, do declare that (he esHential points 
in my improyed steam-engine, for which I claim to be the first 
and true inventor, are : — 

" Firstly, the placing of the boiler within the condenser, in 
onler to obtain the additional security of the strength of the 
eondenser to prevent mischief in case I be boiler should burst, 
and also by the same arrangement f« conveniently make the 
wndenser, willi a veiy extensive surface, enabling me to con- 
dense tbo steam without injecting; water into it. 

" Secondly, the enclosing of the condenser in an air or water 
vessel, by which tlie ititeution of safety from explosion is 
further provided for, and my engine really rendered what I 
denoinioate it, a high-pressure safety engine. 

" Thirdly, the condensing of the steam in the condenser by 
means of a current of cold air or cold water forced against the 
outsides of the condenser. 

"Fourthly, the returning of the condensed sleHm from the 
condenser back again into the boiler, to the end that sediment 
and concretion in the boiler may be prevented ; and, 

"Fifthly, the blowing of the fire with the air after it has 
been heated by condensing the steam. 

"In forming my improved steam-engine I employ several or 
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all of these pointa ac<:ordiiig to convenience, in coiubination 
with the other necessary parts of steam-enginea in common use. 
"These, my essential points, will admit of various modifica- 
tions as to form and proportions such as must be aiid are qnile 
familiar to every competent ateani-eiigine manufacturer, and 
therefore it will be sudicient for the perfect description of my 
improved steam-engine that I cspluin some of the modes of 
forming and cornbiiiiug the essential points of ray invention 
witli the other parts of steam-enginus in common nse. In my 
rooflt favourite form of engine in \vhicli I condense by a current 
of cold air, the lire-plaie and flue, the boiler, the condenser, and 
the air-vessel, are made of six concentric tubes, standing in an 
upright jKJsition. The inner or first tube forms the fire-plaw 
and tine, and at the same time the inner side of the boiler. 
This tube is conical, having its small end upwards. The neit 
or second tube is cylindrical, about 6 inchei] larger in diameter 
than the lower end of the first tube, and forms the outside of 
the boiler, leaving a space all round of alunt 3 inches at the 
bottom, and so much more at the top, as the flue is taper for 
holding water and steam between the two tubes. The tJiinI 
tube is about M inches larger in diameter than the second, in 
order to allow a space of about an inch for powdered cbaicoal or 
some other slow conductor of heat. This tube also constituteti 
the inner side of the air-vessel. The fourth tube ia about 
2 inches larger tiian tlie third, and forms the inner side of tlie 
condenser. The fifth tube, about 2 inches larger tlinn the fourth, 
forms the outside of the condenser; iiud the sixth tube, about 
2 inches larger than the filth, forms the outside of the air-veasel, 
and at the same time tlie outside of the whole of the generatiug 
and condensing iipparatus, consisting of fire-jdace, flue, boiler, 
condenser, and air-vessel. These tubes are made of wrought- 
iron plates riveted together, and are all cylindrical, except the 
£i8l, which is conical, the bottom or fire end being tlie lai;ge^. 
The first or inner tube is closed at bottom, but has an opening 
on one side near the bottom, through which the fire-bars art 
introduced, and tlic ashes and clinkers taken away. To this 
openiug a neck-piece about 3 inches long is riveted, having a 
flange to fit against the inside of the second tube, v ~ 
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are TOiicentric, tiirougli tbe side of wliich second tube is 
opening corresponding with that in the first fube, aud the 
:h IB screwed to the second tube so as to make one opening 
igli the sidea of the two tubes. The second tube extends 
iwards about 5 inches below the first tube, and has a flanch 
ig inwards, to wliich a second round plate of iron is 
twed, forming the bottom of the twiler. Tbe first tube has 
an ejiternal flanch at the top, aud tbe second tube an internal 
flauch, both of thu same height, and sciewed to a caat-iron 
circular plate or cap-piece, wliich exiendx wide enough around 
tbe boiler to form also the cover for the air-vessel. Tliia plate 
has a bole In the middle as large as tbe Hue. The sides of tbe 
condenser and air-vessel are formed of four concentric tubes, 
^ich alKjut 2 inches larger than the one within it. The inner 
' and liuter of these tubes constitute the sides of the air-vessel, 
[^0sul are each furnished with an ejctemal ftaneh at the top by 
rwhit-'h they are screwed to tbe cup-piecf. The two interme<liate 
I itubes constituting the sides of the condenser are riveted 
I together at the tof), leaving a space of about an Inch between 
jl^ their upjier ends and the cap-piece, so as to allow of a tree 
ii wminiinicution over them between the outer and iutier parts of 
[ the air-vesaeL The inner tube of tbe air-vessel extends down- 
wards about an inch below the boiler, and is closed by a Hat 
. plate Bc-rewed on to a tlancli projecting inwards from the tuW; 
the two tubes of tbe coudonser descend about 3 inches tower 
than tbe boiler. The inner tube has an internal fitmcb, to 
which a flat circular plate is screwed to close up the tube. 
The enter tube of the condenser is of the same length with the 
XDoer, and is provided with im external flauch about ti inches 
^rotkd. The outer tuba of the air-vessel has an external flanch 
1^ inches broail, and is just h>ng enough to come down upon the 
bnuul flanch of the condenser hist described, and these two 
flanches are together bolted upon a bottom piei^e of east iron, 
which Is a dish of 4 inches deep, aud equal in diameter with 
the diameter of the outer tube, and having a flanch the same 
breadth as the flauch of the outer tube, and the bottom piece 
is secured to the air-vessel and outer tube of the c<.)ndenser by 
bolts going through all the three fltiuch's, An opening is 
I 
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miule tlirough the sides of all the four tubes of the condeiueT 
and air-vessel opposite to and as wide as the fire-place opening 
through the sides of the boiler. The upper part of botii 
openings to be of the stinie height, but the outer opening la 
made lis low as the bottom of the boiler, in order to allow room 
for a pipe to enter that part of the boiler for forcing the water 
into it, and alao another pipe and cock for drawing off the wat«r 
or sediment, in case foul water be used by accident or careteas- 
neas. These two openingy through the condenser and air-vessel, 
and through t!ie boiler, constitute one fire doorway through all 
the six tubea for access to the fire-place; a nng is placed 
between the two tube^ of the condenser around the fire doo^ 
way, so as to cut off all communication of the steam in the 
condenser with the air in the doorway; another similar ringi* 
placed between the condenser and the outer tube to prevent 
the escape of air into the fire doorway, and a half ring is placed 
in the lower part of the fire doorway between the condenser 
and the inner tube of the air-vessel, to prevent ashes from 
falling into the air-vessel, and yet allow a tree passage for the 
' air from the inner part of the air-vessel into the upper part of 
the fire doorway. These two rings and the Iialf ring are 
secured in their places by rivets passing through all of them 
and through the tnbes, and uniting all firmly together, the 
interstices being tilled with iron cement. A ring is tilso placed 
between the boiler and tlie air-vessel around the fire daor»-&y, 
Hgainst the outside of which ring the charcoal powder is tightly 
rammed, and will liold the ring in its place without the neces- 
sity of either rivets or screws. That part of the fire doorway 
which is above the fire-bars is supplied with an inner door, ta 
shut tlie fire-place even with the outside of the boiler, imd 
exclude all accssa of air to the fire, except through the grating. 
The whole of the fire doorway is enclosed by an outer door even 
with the outside of the air-vessel, to exclude all air, except that 
which coines through the air-vessel; a pipe is fixed in the 
bottom or dish-piece leading lo a forcing pump to draw the 
water out of the condenser and force it into the bottom of the 
boilei' through the pipe before described. A blowing cylinder 
of about ten times the content of the main cylinder is scr a we A t 
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I outside of the air-TesBel, and opjKjsite to I ho two 
ouUet valves of the blowing cylinder two apertures uro made in 
the air-vessel, through which the nir ia forced in. The main 
cj-liniler of the engine, of the usual dimenaions according to 
|ii>w<!r wimted, is alao Kcrewed against the outside of the air- 
vessel high enough above the blowing cylinder to allow room 
for tJie nmiu-^'rank shaft to work lietweeii them. The forcing 
pomp before mentioned is also screwed to the ontaide of the 
(ur-vessel, anil thus my improved steam-engine becomes more 
compact and convenient than any preceding steam -on giiio. 
For the purijose of supplying the boiler with distilled water, in 
case there should be a deficiency in it, a small vessel made of 
two upright tubea, one within the other, is placed on the ciiji- 
piece. The inner tube is of the sumo diameter as the flue, and 
forms a continuation of it. The outer tube is about 6 inches 
larger than the inner, and the Sjiace at the top and bottom 
between the two tubes is closed by two ring-shaped pieces. 
This vessel may be about 18 inches high ; a cock is fixed in the 
top of this vessel, to which a bent pipe is fastened, leading to 
and united with a pipe which arises from the top of the ion- 
denser and passes through a hole in the cap-piece, and thus a 
communicatioa between the supplying vessel and the condenser 
maybe opened or shut at pleasure ; another ]iipc, also furnished 
with a ato|T-cock, arises from the vessel, and communicates with 
a Water-cistern to receive its supply of water when required; a 
third pipe, having a cock in it, opens into the vessel near the 
bottom to let out the sediment ; a small cock to let the nir out 
is also fixed in the top of the vessel, which cock may also be 
used for letting air out of the condenser. In order to supply 
ihe boiler with water by means of this vessel, the stop-cock 
leading to the condenser is shut, and that leading to the cistern 
js opened, and at the same time the air-cock is opened to allow 
the air to escape that the water may fill the vessel. When the 
vessel is nearly full of water, the air-cock and the ccck from the 
cistern arc shnt, and tliat in the pipe leading to the condenser 
is cijiencd. The walev Leing then heated by the flue is con- 



verted into steam, which, passing into tlio i-ondenst 
reduced to water agiiin, leaviiig the nedimeiil or 
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supplying vessel, wliich aediment or salt nuty be ni:fMi)M% 
blowu out through the bottou] pipe by filling the T«seel lii 
wiiter, filiutting the wafer, Bt^aui, and air oock», aixl ojjeni; 
the cock uf the outlet pipe at a time . when the ^eatu tn 6i 
-vessel ia strong, liut tlje supply of water from .the ctnxlfatf 
being always equal to tbat converted into steam aai jodm 
the engine, tligre is iio tendency to a TBriation in the hc^^A 
the water in the boiler, except there be leakage or ^rastt n 
steam in some part of the engine. An upright gUn U^ 
)iaviiig an iron tube of communicatiou with tlic low^rpot^ 
tiie boiler and another iron tube of communication to the i^ 
j)art of the boiler, is conveniently placed it^^Iust the outside if 
tlie aii*-ve38el to iiidieate at all times the height of the wottti 
the boiler; as is usual in steam-boilers, a viilve is pUi-e>liBik 
top of the air-vessel to allow of the escape of a portion rf d> 
air in case that, the quality of the fuel sbuuld uwt i<^ 
so much air for perfect combustion as the steam r«^uiioit 
good condensation. The degree of the condensation iJ lb 
steam may be increased at pleasure, by iDcreasing Ibe TtJccff 
Aif the air passing into and through the air-ve«s(>l. Tbetdf 
parts of my improved steam-engine, fincli as the steAin^i{4 
the throttle- valve, the safety-valve, the vaeuum-viJvp, lb 
working valves, crank, connecting rods, cross-beads, pifln 
piston-rods, and various other minor parts cL>mmun to vasM 
in general use may he made in the usual forms, and placed ■ 
the most convenient situations ; they cannot, therefore^ ud 
any description. When it is intended to us!© water for «* 
densing instead of air, my improved sleam-eiigiiic must ha aiM 
as before directed, except that the fouimunication l>elw««li» 
iiir-vessLd and the fire-place must he closed, which may be dM 
by a perfect ring of iron suri'ounding the opening leading la>b 
fire-place, instead of the half ring before described, and a fotbf 
pump must be employed to draw water from a reservoir, S 
force it into the vessel which I have hereinbefore denominitri 
the air-vessel, but which in this mode of work]Q<r would ■■> 
properly bear the name of water-vessel. In tbia cuae a blo«iiC 
cylinder, the dimensions of whii-li must be calculateil itccut^ 
to the quality of the luel to be used, may be worked tti hli. 
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file throiigli a pi[ie leadinj; iuto tlie ash-^iit. This, however, 
will not lie necessary where there is a chimney high enoui^h to 
create a etrong Jraught. In respect to proportioiis, my improved 
steam-engine admits of considerable Itititude, and it will be 
snflicient direction to any pnictieal engineer to say that for 
engines working with sfeani of 120 lbs. to tlie inch, used expah- 
BJTely till it be nearly reduced to atmospheric strength und 
then condi-nsed, a 10-borae eninu« mny have u fire-pluce of 
20 inches diameter, the flue at the top 10 inches diameter, and 
H Iwiler of 20 feet high ; a 60-horse engine, a fire-placu of 
36 indies diameter, a flue of 16 inches diameter, and a boiler 
t»f 20 feet high. In boat-engines, and in other cases where 
hpight cannot he allowed, the diameter mnat be increased. The 
thivknesH of the two tubes ronstitnting tlie boiler sides of a 
H)-hnri»c engine may be Jth of an inch, that of a 60-horse a 
quarter of an inch, and bo in projiortion for engines of other 
power. The tubes constituting the condenser and inner tube of 
the air-vessel may in all cases be Jth of an inch thick. The 
ontcr tube may be Jths of an inch thick, to afford stability to 
the wiirking cylinder, the blowing cylinder, and the forcing 
]>ump fastened to this tube, and as an ultimate perfect barrier 
against explosion. The respective distances of the other tubes 
constituting the outside of the boiler, the condenser, and air- 
vpHsel, will be the same as hereinbefore given, and therefore 
their diameters will depend u])on the diameter of the fire-place. 
The cap-piece in small engines ruiy be half an inch thick, and 
in Ifti^e engines an inch. 1'he bottom of the ash-pit and bottom 
of the boiler must have about hall' an Inch of thickness for 
every foot diameter, or tliey may be cast with ribs to afTord 
ecjnivalent strength. The fuel is supplied through a door in 
the flue, fit the top of the boiler, consisting of coke or «»als the 
l«Mwt liable to swell with heat. The flue may bo filled to about 
one-third of the height of the boiler, and the water fill about 
thrcp-fourths of the boiler, leaving one-fourth for steam. 

Having clearly explained my impnived stearii-eugine so that 
any person couiprtent lo make a steam-engine can from this 
description nndei'stand my invention and carry tlie same into 
as U>nelicial a manner as myself, I proceed to observe 
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thiit the extreme safety of my improTecl stt^m-fogiDeiSIl 
seen, from (.■oDfiidering that in case the boiler should «qU 
inwards into the tiue, the puwer of the stenm wonlilWU 
reduced by filling the flue nnd fire-place, and roulil Mia^ 
through the chirimey and fire doorway faster thin « ^ 
diffuse itself and be condensed by mixing willi tbesun 
itir, and thus lose all its force. Bot ehouUl the ont»» 
boiler burst, p«rt of the force of the steam kooIiI tei 
filljug up the interstices between the particlea of the* 
and would then probably be too weak to effect a breach 
the inner tube of the air-vessel ; au<l should socL i 
breach be effected, tlie space within the air-vessel itmUi 
the Hteam to expand and partly condense, and a p>t 
e8ca|)e into aiid through the fire doorway, where it maU' 
itself, and proceed harmlessly up the flue, and out ttth* 
way ; so that the outer case being a reserve of stnngtl.' 
to a certainty witlisttmd the force reinaimug in the steal 
the before-mentioned successive reductions of powf t." 

The patent of February, 1831, perfects fhe sic* 
liis letter of July 27th, 1829, which in its tarn 
more perfect the plans put into practice In ISIJ, 
before leaving England for America.' The pr^nW 
against tlie use of hishigli-pressure steam-engine belli 
to meet by calling it "a high-pressure siifety ea^' 
The boiler was of six wroiight-iron upright tntci^' 
within tlie other. The inner one was the fire-tiile, 
rounded by a tube of larger diameter, forming tie 
and steam space. This was again surrounded bvaa 
tube, 2 iuches larger in diameter, the space being! 
with charcoal or other non-conductor of heat 
tube, 2 inches more in diameter, formed the imieri 
of the condenser, having an inch space for the pa£«)^ 
cold air from the blowing cylinder, carrying tl« 
from the condensing steam back to the fire-place. 

' Sec Trtvilhick'tt IctUrw, July mli, 1815, vol. ii.. p. mo, and ;d 
p. 'Mi ; iinil lOih Miiy, vul. i., p. ;170 ; iiml |siicnl nf IM,';, vol. t.. jii 
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r tiibe, 2 inches r 



s more m diameter, giving a space 
ito wLicli the used steam from the cylinder passed to be 
indeiised. Then came the outside tube, 2 inches more 

diameter, ibrming a second space for the passage of 
r, taking heat from the condenser into the fire. The 
sam-boiler had itw heat retained by a coating of 
arcoal ; next to it came a current of cold atr an incli 
ick, carrying back to the fire any Iieat that had 
seed through the charcoal coat, and also the heat 
tta the inner surface of the condenser. Then carac 
a inch-tliick circle of steam, on ifa exit from the 
linder, to be condensed; and finally an outside circle 

cold air, performing the same functions as the inner 
■cle in condensing the steam and carrying its heat 
ok again to the fire. 

The object or principle of this engine waa to avoid 
S loss of heat, and the necessity for either condensing 
iter or feed-water, aa described in the letter and draw- 
5 of August l!)th, 1830, but the detail was changed, 
tiuly to facilitate construction. As in practice it 
ght be impossible to fully attuiu those objects, pre- 
irshtion was made to get rid of the aalt from such water 

might be required as feed-water to make good the 
s from leakage or uthtr defects in the working of 
irine steam-engines. The specification states: "For 
t purpose of supplying tlie boiler with distilled water, 
case there should be a deficiency in it, a small vessel 
4e of two upright tubes, one within the other, is 
iC©d on the cap-piece. Tlie inner tube is of the same 
meter as the flue, and forms a continuation of it. 
e water being heated by the flue is converted into 
ftm, which, passing into the condenser, is there reduced 
water again, leaving the sediment or salt in the sup- 
■ing vcseel." 
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Where water condetisatioii was preferred tlie Kiirl'aee- 
air condenser could be converted into a surface-water 
condenser by a current of cold water in place nl" the 
air; in wbicli case the air from the blowing cyHnder 
was taken direct in to the fire-place or otlier means 
used for giving the necessary draught. Steam of about 
135 lbs. to the inch was to l)e so expansively worked as 
at the finish of the stroke, on its escajre to the con- 
denser, to be no more than atmospheric pressure, or 
15 lbs. to the inch — just the strength with which Watt 
preferred to commence hia work in the cylinder, 

The most prominent feature in Trcvitbick's numerous 
modifications of the steam-engine was the boiler. In 
the 'Life of Watt,' though his commentators have been 
numerous and eminent, little or nothing is said about 
the. boiler or tlie steam pressure. He left that all- 
important part of the steam-engine just as lie found It, 
resisting the increase of steam pressure, which was the 
mainspring of Trevitbick's engine. The Iwiler of tlie 
iiigh-preasure engines of ITE'G' sheltered the steam- 
cylinder from cold ; and the used steam from the 
cylinder circulated around the exterior of the boiler, 
on its way to the blast-pipe, while the condensed portion 
was returned as feed-water in the patent engine of 
1802.^ In 1811 be proposed to force air into the fire- 
place, hoping thereby to reduce the amount of heat losl 
by tlie chimney.^ His various forms of tubular boilers, 
as at the Herland Mine/ and at Dolcoath,* and the 
upright multitubular boilers patented in 1815,* followed 
up in 1828. "I shall have a small portable engine 



' See Tol. i., p. 104. I 

* See potent spccifiiaition, rol, i., p. 



' See vol. ii., p. 71. 

' See cbap. xx. 

• Pec IVevitiiick's \cUens, HlJt Jiitjf, 
1815, vt.l. ii., p. 80 ; aiid Tth (ind IfiUi 
May, vol. i., pp. :m, 370. 
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finished here nest week, and will try to heat, steam in- 
dependent of water, in Bmall tulies of iron, on its passage 
from the boiler to the cyHnder, and also try cold sides 
for condensing." In 1829 a simple boiler and con- 
denser composed of three tubes was made, the inner or 
fire-tube being 2 foet in diameter and 15 feet long, " for 
the express purpose of experimenting on the working 
^the same steam and water over and over again ; " ' and 
^Ba the same subject, " By making the condenser of 
^^Rnch copper tubes ^nd of an inch thick, it wonld 
stand in one-twentieth part of tlie space of the boiler:"^ 
and finally the sketcli of the tnbular boiler and tubular 
condenser of 1830, in its boiler portion similar to the 
t portable boilers of the present day, and the patent 
icification of 1831. Surejy therefore to him belongs 
i credit of having invented and perfected tlie tubular 
iler and surface condenser 
iSmiles has written:' — 

fc?For many years previous to this periuil (182St), ingenintisi 
■ohanics liad been engaged in attempting to solve the pro- 
a of the beat and most economicul boiler fur the production 
of hijrli-proastire steam. Vanous improvements had been siig- 
gfcatetl mid made in the Trevitliick boiler, as it was called, from 
tie siip|io8ition that Mr, Tievithick was its inventor. But Mr. 
Oliver Evans, of Pennsylvania, many years before employed the 
same kind of boiler, and us he did not claim the invention, the 
proUibility ia that it was in use helove hie time. The boiler in 
({uestiun was provided with an internal Hue, through which the 
heated air and Hame.^ passed, after traversing the lengtti of the 

ider side of the bniler, before entering the chimney, 
r^'This was the form of boiler adopted by Mr. Stephenson in 
ii Killiogworth engine, to which he added the steam-blast uitli 
I effect We cannot do better than hero quote the wonlti 
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of Mr. Robert Sleplienson on tlie constriicfion of the * Rocket' 
engine: — 'After the opening of the Stockton and Darlington, 
nnd liefiire that of the Liverpool and Manchester Railway, my 
fiitlier directed his altanlion to various luethoda of increasing 
the evaporative power of the boiler of the loioniotive engine. 
Amongst other attempts, he intradiicel tubes (ua had hefoi* 
been done in other engines)— small tubes containing water, by 
which the lieating surface was materially increased. Two en- 
giiips with eneli tubes were constructed for the St. Etii-mie. 
Railway, in France, nhich was in progress of construction in 
the year ISiS; but the expedient was not successful; the tubes 
became furred with deposit, nnd burned out. 

" 'Other engines, nitb boilers of a variety of coiislrtiction, 
were made, all having in view the incrciLse of tlie heating sur- 
face, as it then became obvious to my father that the speed of 
the engine could not be increased without increasing the evapo- 
rittive power of the boiler. Increase of surface was in some 
Pases obtaine I by inserting two tubes, each containing a sejia- 
rate Hre, into the boiler ; in other eases the Eame result wa^ 
obtained by returning the same tube through the boiler; but it 
was not until he was engaged in making some exj»eriments, 
during the progress of the Liverpool and Manchester Railway, 
iu conjunction with Mr. Henry Bootli, the well-known secretary 
of the company, that any decided movement iu this direction 
was effected, and that the present multitububir boiler assumed 
a practicable shape. It was in conjunction with Mr. Booth 
that my lather cxinstmcted the 'Rocket' engine. 

" ' In this instance, as in every other importimt step iu science 
or art, various claimants have arisen for the merit, of having 
suggested the multitubular boiler as a means of obtaining the 
necessary heating surface. Whatever may be the value of their 
respective claims, the public, useful, and extensive applicition 
of the invention must certainly date from the experiments made 
at Rainhill. M. Seguin, for whom engines had been made by 
my father some few years previously, states that he patented o 
similar multitubular boiler in France several years before. A 
still prior claim is made hy Mr, Stevens, of New York, whu 
was all hut a rival to Mr. Fulton in tlie introduction of steam- 
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\yoAU on the American riTeiv. It is stated tluit &< tr^rly as iN.iT 
lie usel tlie multitubular boiler. 

'^ ' These claimauts mav all hj entitl-:r»i to ^reut and in^Ie- 
pendent merit ; bat certain it is. that the perien establishment 
of the success of the muItitubuLir U>iler U m<>re immediately 
due to the sugj^estion of Mr. Henrr Booth. a:id to my father's 
practical knowled;^ in cinying it oql' 

*' We may here briefly state that the U>iler of the ' B jcket * was 
cylindrical, with flat ends, 6 feet in length, an I 3 feet 4 inches 
in diameter. The upper half of the b >iler was lUs^l as a re^rvoir 
for the steam, the lower half being tillei with water. Tiirough 
the lower part twenty-five copjier tul>tr* of o inch<rs diameter 
extended, which were open to the fire-l^jx at one end an 1 to t!ie 
chimney at the other. The fire-bjx, or furnace, 2 ff^rt wide 
and 3 feet high, was attached immediitely behind the U>iler, 
and was also surrounded with water.'" 

Stephenson knew of Trevithick'.s patent of 1H02,' in 
which a three-tnbed boiler is shown ; and it was after 
tliat time that Oliver Evans and Fult^jn tried tlj^^ir 
experiments, and also the nnmeroas engines with single 
or return double tube, at work in the principal towns 
of England prior to 1804,* and near liis residence in 
childhood and in manhood.* 

George Stephenson's Killingworth Ix^iler, "to wliirdi 
he added the steam-blast with such eft'ect," was a cnpy 
of Trevitliick's boiler and blaijt, working sinc(j 1801 in 
Newcastle-on-Tyne, and was preciwdy tlie lK)il(;r des(;ril)ed 
by Stephenson; "in other caw^s the Huxna result was 
obtained by^ returning the same tuln* through iha 
boiler." This is an admission from Stephenson tlint 
Trevitbick's patent boiler Avas the best in urn uj) 1o 
al)Out 1828. _ 

» See vol. i., p. 128. 

« See Trevithick'H letter, Sept. 23rcl, 1S04, v..l. ii., p. 2. 

' Mr. Annstronji'H not^*, vol, i., p. 1S4. 
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A further proof of the indirect public gain 
use of Trevithick's return-tube boiler over a period of 
thirty years is their having supplied liigh-pressure ex- 
pansive steam in the first experiments made with such 
steam by the Admiralty, at whose request Mr. Reuiiie 
and others examined the duty of tlie Cornish high- 
pressure expansive engine, and Captain King, II.N., 
in charge of the Admiralty Department at Falmouth iu 
1830, gave an order to Harvey and Co. to construct 
liigh-pressure steam-boilers for the Oovemment vessel 
'Echo'; in 1831 the machinery Mas put on board 
the 'Echo' in the Government Dockyard at Plymouth, 
and included three of Trevithick's return-tube boilers, 
made of wrought iron, each 5 feet 6 inches in diameter 
and 24 feet long, with internal return fire-tube 2 feet 
2 inches iti diameter. The fire-place end of the boiler 
was 6 feet 9 inches deep by 5 feet G inches wide, in 
give room for the fire-place and ash-pit. The steam 
pressure was 20 lbs. on the inch above the atmosphere, 
worked by double-beat valves, 6 inches in diameter, 
with expansive gear. 

This new machinery was fixed under the Biiperin- 
tendence of the writJ3r, after which the Government 
engineers took charge of the vessel, and the writer who 
had, as the mechanic in charge, worked like a slave^ 
though receiviug but Is. (if/, a day and expenses, was 
not invited to take any part in the experimental triala, 
nor ever heard of the result except in the ordiuaiy 
rumours of Admiralty bungling on board the ' Echo.' 

Those boilers were similar to the Trevithick boiler 
that had served the locomotive in Newcastle aud else- 
where from 1801 to 1828, the firot steamboat experi- 
ments in England, in Scotland, and in America, hdJ 
the numerous high-prassure engines tlien at work. 
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The enlarging the fire-place end of boilers or fire- 
tubes bas led to many forma. Trevitbiclt's model of 
1796' liad an oval tube giving a greater spread of fire- 
bars ; the same is seen in the 1 808 steamboat ; ' the 
Dolcoatli boilers of 1811' show the oval and also 
the bottle-neck fire-tube ; the Welsh locomotive of 
1804' had the fire-tube contracted at its bend or return 
portion; the Tredegar puddling-raill fire-tube of 1801' 
tapered gradually from the fire-bridge to the cliimney 
end; in the London locomotive of 1808° the fire-tube 
took the bottle-neck shape close to the fire-bridge. Tlie 
accompanying sketch shows the bottle-neck contraction, 
only on the top and sides of the fire-tube was to give 
breadth to the fire-bars d, and thickness to the fire at 
bridge c, after which the flue portion of the fire-tube 
was contracted : tills i)oiler was for many years a 
favoiii-ite ill ''->f;i\v;ill. Tlic li.ilil.-iu'ck contraction of 



the 'Echo' boiler was similar to the aliovo, except that 
the enlargement of the fire-place was downwards 
instead of upwards, and the fire-tube, instead of going 
through the end of the boiler, returned to near the 
enlarged fire-place, when it passed out through the side 
of the boiler to the chimney, just as in the Tredegar 
puddling-mill boiler; all those variations were with the 
object of increasing the fire-grate, and at the same time 
keeping down the gross size and weight of boiler and 
its water. 



" See vol. i., p. 335. 
" Sw vol. i., p. 223. 



' See vol. ii., p. IRD. 
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In 1805, Lord Melville failed to keep his appoint- 
ment with Trevitliick, on his proposal to construct a 
high-pressure steamboat,' Rennie, a pupil and frieod 
of Watt, and familiar with Trevithick's high-pressnre 
steam-dredgers on the Thames, was employed by Lord 
Melville and the Admiralty on the Plymotith Break- 
water, where in 1813 Trevithick proposed the use of 
his high-pressure steam locomotive and boring engine.' 
In 1820 Rennie wrote to Watt, that the Admiralty had 
at last decided upon having a steamer ; at that time 
fifteen years bad passed since Trevithick's offer to pro- 
pel the Admiralty by steam-puffers, and ten years more 
were to pass before tbey could make up their minds to 
venture on liigh-pressure steam from his boilers. The 
Steam Users' Association are equally hesitating, judging 
from words just spoken by an engineer, the son of an 
engineer : — 

" Sir William Fairhaini said lie had come to the conclnsioo, 
after many years' exjierience, that it was in their power to 
economize the present expenditure of fuel by a system wliich 
might not be altogether in accordance willi tb*^ views of the 
members of the association or the public at large, and that wm 
to increase the pressure of steam. He would have great 
pleasure in stating a few facts which might some day tend to 
bring about a change, if not a new era, in tbe use of steam. 
From the result of a series of experimental researches in which 
he had been engaged for several years on the density, force, 
and temperature of sfeani, he had become convinced that in 
ease we were ever to attain a large economy of fuel in the use 
of steam, it must be at greatly-increased pressure, and at a rate 
of expansiun greatly enlarged from what it was at present. 
Already stoam users had effected a saving of one-half the cool 
consumed by raising tbe pressure from 7 lbs. and 10 lbs, — tlic 

' 8oc Trevithick's letWr. 10th Jan., IBO.I, vol. i., ]., .T^!, 
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' pressure at which eogines were worked forty years ago — to 
50 Iba., or in some cases as high as 70 lbs. on the eqnare 
inch." ^ 

Dear me ! would have been Trevithick's exclamation 
had be read this ; did I devote my whole life to the 
making knoTrt-n the advantages of high-pressure steam, 
and did I, seventy years ago,^ rt^ally work expansive 
steam of 145 lbs. on the inch in the presence of many 
of the leading engineers of the day ! Of course this 
short extract of a speech made by a member of a 
practical society, may not be taken as conveying fully 
the speaker's views, but it illustrates the immense 
difficulty Trevithick encountered in making h'm nu- 
merous plans acceptable to the public. 

Another modern statement bearing on inventloiw 
originating with Trevithick, but wearing new garljH 
with new names, shows the same tendency to igiKjro 
old friends, or, to say the least of it, to pass them 
l,y:- 

"The trial of No. 36 gteam-pinnace waa made at PorUinoutU 
j-esterdity. Her peculiarity consUts in the arraugenietit of \i»r 
propelling machinery, in the sdaptjitiun of the oiitMJdit mirfuco 
coudeiiser, and ayertieal boiler, both patenk^l by Mr. Aloxiunler 
Crichton. The condenser b »im{>]y a copix-T pijie iiuiwin|:( mit 
from the boat on one quarter at the (^arbdunl fitraki'% un'l uiuim 
the side of the keel, relarning along the kt^l on tlio oppONJtu 
side, and re-entt-ring the ixiat on that qnartar. Thu Iwilitf ii 
designed for boats fitted with comleiMuiig engintm, and whluhi 
therefore, are without the acceleration of draught givf^n Ijy thit 
exhausU'd eteam being discharged taU} the funnel. It in nt 
tlie vertical kind, and stands ou a shallow arjuant tank, wlilcli 



' "ni<!En^DH.T,'Uarclil5tli,U(72: rnnvki bj'tljflCluilriiiBniii m 
uf thi' Miiiii:)i<«tcr St«am ITicn' Amiiaatiui. 
' S(X) Trevithick's Ictbr, Aognit aOUi, IW«, tut. 1., |i. IIM. 

2 11 2 
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forms tlie hot well. The tubes are horizontal over the fire, tUe 
water circulating through them. The condensed steam is 
[imiiped into the well at a temperature of 100°, and being tlierft 
BubjSL'ted (o the heivt nidiating from the furuare, is pump&i 
back into the boilers at nearly boiling point. It is estimate 
that, under these conditions, the pinnace wonld ran for nearly 
48 hours without having to ' blow oEf' or carry a supply of 
fresh water, the waste water being made good by sea water.'"' 

The peculiarity of this stestm-pinnace of 1871, on 
which a patent was granted, is st»ted to be a metal 
surface condenser exposed to the cold water at the 
bottom of the boat, returning the condensed steam at 
about boiling temperature to the boiler, and a vertical 
boiler with horizontal tubes through which the water 
circulates, both of whieli in principle, if not in detail, 
are seen in the surface condenser of Trevithick's iron- 
bottom ship of 1809, and bis vertical boiler of 1818,' 
and further illustrated in the inventions spoken of in 
this and the following chapter ; and yet on so alt- 
important a subject, dealt with in various ways by 
Trevithick from 1804 to 1832, his plans are reproduced 
as discoveries in 1871, 

About 1828, Mr, Kennie, Mr. Henwood, and othns, 
reported on the advantages of high-pressure expatisre 
Bteam in Wheal Towan engine,^ on the north clife of 
Cornwall, near Wlieal Seal-hole Mine on St. Ague* 
Head, where in 1797 Trevithick had worked his firsi 
high-pressure steam-puffir engine in competition with 
the Watt low-pressure steam-vacuum engine. Captain 
Andrew Vivian was tlien bis companion, and the Cotf 
and Calf, two rocks of unequal size, a mile from (bit 
land, were from that time called Captain Dick and 



^ 'The Tiniea/ Novpmbor 24th, 1871. 
■ Sf« vol. i., pp. 336, 364, 370. 
See Mr, Hi-iiwivd's report, vol. iL, ii. 186. 
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Captain Andrew, or the Han and liU Man. and there 
they still remiiin in the Atlantic waves, fit emblems of 
(Ixeir namesakes and their still living inventions. The 




stir made by those expansive trials led to the experiment 
in the ' Echo,' of which Mr. Henwood ' tbuB xpealcM : — 

" Capfaun William King, U.X.. SoperiDtcndent of tde I'ftckrt 
Station at Falmouth, attempted t« impreas on Visconnt M«l- 
ville, then First Lord of the Admiralty, the addtiitjtge of lining 
high-pressure steikm expansively in the Itoyal Nnvy, Ui wlioiii 
Liord Melville replied that he hod been tanght by bii« frii-nd, 
the late Mr. Bennie, that the danger atlending iitich a connn 
was very great, and that il would l>e diflifnit, if not imjiofMihIe, 
to persuade him to the eonlrary." 

Twenty-five years of precept and example canned th(i 
Admiralty to follow suit, and to request Mr. Ward, ii 
Cornish engineer, to construct lioilerii and expHiiHiTi) 
valves for the Government steamboat ' Iikjho.' Tho 
writer was entrusted with fixinj^ the macliinory in tho 
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vessel at the Plymouth Dockyard, and before starting 
with it from Harvey and Co.'s foundry, waited on 
Captain King, R.N., at Falmouth, for his instructions, 
in happy ignorance of the fear of the Lords of the 
Admiralty to tread on Cornish high-pressure. After 
eying the applicant as captains in Her Majesty's ser- 
vice are apt to do when dealing with boys in the civil 
service, he vouchsafed to say, " Mind, young man, what 

you are about, for if there is a blow up, by you'll 

swing at the yard-arm." 




" Me. GtLBEBT, - Jl-rf Ut, 1B& 

" Sir, — I hKTe to npo l n p at far ■17 f^ e ct m mm eaOiae 
OD you, bat m-bedtii pceTcaCed it. I kft htme, tm tke 11th 
Febro&ry, arrired in to«m oa tlM 1-IA, aad RaatBed tbere 
until tbe 'MUi, wbea I «m cwprilrf to lean far Unr flaot, 
having a free good ait. I aa miv t»kia& tviee a dsjr, Ike 
flowers of zinc, fron whicfa I hope to be Boam. lig^ igMa. I 
am much b^ter, bat afuH to enter the dtjr. I hope to be 
able to call on joa beiore the end of thi* weA, hang tvtj 
a,Qxioiis to See 70a, hsTng • great deal to coBBiiinieate re- 
specting tbe experimeotB I hare been making, whidi wQl bear 
out to the full oar expectatkma. 

" Your hot'hoose apparatus baa been finished tteorlv- three 
months, all bat two or three days' woi^ to fit the parts to> 
getber ; I expect that before thi§ iLey at? in P^nzano^ waiting 
a ahip for Londua. While making a sketch of voor work for 
the founder, a thongfat etmch me that rooms might be better 
heated by hut water than by either steam or fire, and I send to 
you my thoughts on it, with a eketch for your coufidenitiuu. 
I find ttiat steam-pipes applied to heat cotton factories, with 
1 surface foot of steam-pipe, heat 200 cubic feet of space to 
60 degrees. I also foand in Germany, "here all the rooms 
are heated by cast-iron pipes about the heat of Eteam, tliat 
1 foot of external fine heated 160 cubic feet of epaco tx> 
70 degrees, 

"I find aUo that about 200 surface feet of stetun-euj^inc 
, cylinder-case will coudense about as much eteam as will pro- 
duce 15 gallons of water per hour, and will consume uUnit 
4 bushel'^ in twenty-four hours to keep tbe ti>ni]tcmtnri> of 
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212 degrees. One bushel of coal will raise the teniperatnre of 
3()(10 lbs. of water from 40 to 212 degrees. 

"A boiler, as the druwhig, will contain 1200 lbs. of water, 
and iMJusume one-third of a bushel of coal to raise the water 
from 4U to 212 degreea It has 40 surface feet of hot sides 
giving out its heat. The 12-inch fire-tube in the boiler would 
raise the temperature to 212 degrees in about forty minutes. 
By these proofs it appeura that 130 feet of surface steam sides 
will require 1 hiisbel of coal every twenty-four boiirg to keep 
up the boiling Iieat ; tlierefore this boiler, having 40 surface 
feet, would give out the heat from one-third of a bushel of cod 
in twelve hours. 

" Now sH[)poBe this charge of heat required to be thrown off 
in either more or less than twelve hours, the circular curtain 
would adjust the heat and time for extracting it. 

" By the foregoing this coal aud surface sides would heat to 
60 degreea for twelve hours a space of 6800 cubic feet, equal 
to a room of 25 feet square and 11 feet higlL If this boiltf 
was placed in a room wilh a chimney, its water uoold be 
heat^^d by having a small ehiftiug wroiight-iron chimney-tnbe 
of 4 inches diameter and 2 or 3 feet long attached to the end 
of the boiler while it was getting up steam, after which it might 
be removed, aud the doors at both ends of the boiler closed: 
and as the boiler contains and retains its heat for twelve boon, 
more or less, it might be run on it^ wheels to any tire-place or 




cliimney to get charged with heat, and then run into any looiL 
where there was no chimnc)", or into bed-rooms, officsji, ot 
public buildings; it would be free from risk, not having eilbet 
steam or loose Ere. The circular cuitain, being fast to s 
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f aLle, would by being dnvn ap or down adjn^ the re^jnired 
beat and bide tbe boiler, Aod would be wmrm and comfortable 
to sit at. I tbink this plao would e>Te Uiree-<jaaiterB of the 
coal at present co&stuned; the expeoae of the boiler will not 
exceed 5^. Wben yon have taken it tato consdefBtioa, pleaae 
to write me yotir opinion. 
^^ " I remain. Sir, 

^r " Your rerj homUe anruit, 

"Ed. Tketithick. 

" P.S.— Boiler, 3 feet diameter, 3 ftet long ; fire-tnbe, 12 inchta 
diameter, placed in tbe boiler, the nme a« my olil boilers, made 
of iron plates ^tb of an inch thick, weighing about 2 cwt. 

"I bad a summons to attend at Goildball lairt Satorday on 
tbe coal trade, and was requested to attend a oommittee at 
WastmJnster for the same pucpos^ io comeqiieDee of my apply- 
ing small engines to discharge diipa. 

" I attended, bnt with difficulty, bom my ill-health." 

Trevithick was not above scheming for hi« friend's 
hot-house, warming it by a boiler on wheek, in form 
like his bigli-pressure gteam-boiler, Roomut had before 
been heated by steam or hot air in pipes ; but he 
tliougbt a more simple and economical plan was to 
heat a certain quantity of water to boiling heat at any 
convenient place having a chimney, or in the open air, 
and then wheel tbe apparatus into tbe room to be 
wanned. If the room had a chimney, tbe fire could be 
kept up, or tbe temporary iron connecling chimney 
be removed and the apparatus wheeled into the middle 
of the room and used as a table. 

The scheme promised to be sncceesful, for in a letter 
nine months after tbe former he wrote tliat be had 
taken a patent for France, where it bad made a great 
bustle among the scientific class, for coal in Paris was 
3s. a hundredweight ; some hot-water room-beaters 
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were the following day to be forwarded from London 
Paris; while the uuiucrouB orders were more than be 
could execute. One in use at the ' Greorge and Vulture ' 
Tavern, of a Gotliio siuipe, baudsomely ornamented 
with brass, about two-tbirda the size of tbe one in 
Mr, Gilbert's hot-house, burns 7 lbs, of coal a day, 
keeping the room at 65 degrees of beat during fifteen 
hours. The rage amongst the ladies was to have tboin 
handsomely ornamented. 

Believing that tbcy would bo remunerative, he ap- 
plied for tbe following English patent in February, 
1831. 

Apparatus for Heating Aparivienta. 21st Fdyruary, 1831, 
"Now KNOW TE, that in compliance with the said proviso, I, 
the siiid Eiuliaril Trcvithick, do hereby declare that the nature 
of my said lUTenlioQ uf a methoil or apparatus for heatiug 
apartmeuts, and the manner in which the same is to be carried 
into effect, is shown by the following drawings and description, 
where Fig. 1, Plate XVI,, represents a longitudinal vertical sec- 
tion through the middle of a metallic vessel capable of containing 
a considerable quantity of water, with a fire-plitce in the inside, 
surrounded with water in all parts except at the doorway and at 
an opening where the smoke may pass off into a common chimney. 
Fig. 2, a vertical section near the fire-door, at right angles to tbe 
section shown at Fig. 1 ; with the sections are also shown wheels 
and handles, which lie out of the planes of the sections. The 
letteiB of reference indicate the same parts in both figurea a, 
tlie vessel ; i, tho space for containing the water ; c, the firfr- 
place; d, the fire-bara, or grating; e, the ash-pit; ^an inner 
door, to prevent the air from enleiing over the fire, yet allow it 
to pass into the ash-pit, and thence up to the fire through tfie 
grating ; g, an outer door, to he shut when the fire is to be 
extinguished ; h, a chimney or flue, to convey the smoke into 
a common chimney : this flue may be removed when tho water 
boils, tvnd then the opening of tho fine msiy be shut, to keep in 
(he hi-at, either by a door or by a. plug lilting the opening; 
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I, tlie cover of tlie vessel, having a rim all roiiud, witliin which 
iron cement is to be driven tu makii the veaael steam-tight ; 
I, a hole in thn middle of the cover, into which a plug is drop[>ed 
having ft fluted stem and a flut liead gronnd steam-tight ujion 
the cover; this plug or Viilve is for the purpose of allowing the 
escape of steam if it should be raised above boiling point, and 
the valve is taken out when it may he necessary to pour water 
into the vessel; m, four wheels, on which the vessel may bo 
easily removed from one room to another ; n, two handles, to 
facilitate the removal. To use this apparatus for the warming 
of an apartment, the vessel is nearly filled with water, and 
placed so near to a chimney in another room, if more conve- 
nient, that the flue-piece h may convey away the smoke ; a fire 
is then lighted upon the grating d, and continued till the water 
boils, when the flue-piece is taken away, and the flue opening 
stopj)ed with the plug or door, and also the outer fire-door closed. 
In this state the apparatus is drawn into the apartment to bo 
warmed, where it will continue fur many hours to give off a most 
agreeable heat without any of that offensive odour usually 
experienced from stoves heated by an enclosed fire. I'igs. 3, 
4, 5, and U represent anotlicr form of my apparatus for heating 
churches or other large buildings. Fig. 3, a vortical section, 
from A to B, of Figs. 5 and 6, with a representation of the flue 
and its fianch, which lie beyond that section and the fire door- 
way and its flanch, which lie nearer, and also the four wheels, 
two of which are on each side of the section. Fig. 5, a hori- 
zontal section, from E to F, of Figs. 3 and 4. Fig. 6, a liorizontal 
section, from G to H, of Pigs. 3 and 4, with a view of the four 
handles situated at a higher level than the section, and of the 
fire-bars at a lower level; the same letters of reference signify 
the same parts in all the four figures, a, the outer case of the 
water-vessel ; b, the cover ; c, the space for water ; d, the fire- 
place and flue; e, the fire-bars, made in two pieces, to be intro- 
duced through the fire doorway ; /, the ash-pit ; ff, the fire-d.x)r ; 
A, pii>03 open at top and bottom, cemented into holes in the 
bottom, and in the cover of the waler-vesscl ; these pipes are to 
admit a current of air up through them, in order the more 
Bpeedily to carry tlie heat into the building; k, the aperture in 
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the coTer, to mpply the vessel with water, and the ping to \ 
in the steam ; I, four wheels, on which the whole is moved, CAoh 
wheel revolving in a recess cast in the bottom of the onter case, 
as represented hj dotted lines in Figs. 3 and i ; m, four btuidlee ; 
n, the flanches of tlie fire doorway and of the flue, represenled bi 
Fig. 4 by dotted lines. A pipe to eommunicate with a chiomey 
while the water ia being heated must be made to sait locality, 
and therefore cannot require any description. This apparatw 
can be heated iu a veatry room, and the fire-door and flue closed 
and then wheeled into the chiireli, where it will soon diffuse a 
most comfortable warmth ; or the heat may be kept up while 
standing in its place by having a constant communication with 
a chimney, and thus diffuse a much more salnbrions heat tlum 
can be obtained by metalJii! or earthen stoves heated immediately 
by the fire." 

It is doubtful if the profits he received from the 
heating apparatus covered tlie cost of tlie patent. The 
first stove was not unlike his first locomotive Wilcr. 
Tlie more biglily-finished stove refiembled the marine 
tubular boiler, also of former years, in the further 
application of which we now follow him. 

" Mb. Gilbert, " IIatle, January 24(A, 1823. 

" Sir, — Since I have been down I have made a small 
portable engine, and set it. to work on board a coal-ship for 
discharging the cargo; it is very manageable, ami discharges 
100 tons with 1 bushel of coal, without any person to attend it, 
there bi;ing a string that the man in the liold draws when the 
coal-hasket ia hooked, which is again drawn by the ninn »lio 
lands the basket on the deck ; the string turns and re-tiirm 
tlie engine. It is near a ton weight, but as I find it double 
the power required, I am now making a smaller one, 3^ feel 
high and 3J feet diameter, about 12 cwt. 

"I intend this engine to «arp the ship, pump it, cook tin 
victuals, take in and out the cargo, and do all the hartl woik. 
The captains are very ansious to gut them on board every thi|k 
I tliiuk that an engine of 39 cwt. would projicl their ships fow 
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miles an hour over and above the otber work of the ebip, and 
would neither bo bo heavy or take bo much room aa their 
present cooking house and furnace- I think that two iron 
puddles, one on each side of tlie rudder, under the stem, would 
do this very well ; they would be in dead water, and out of the 
swell of the sea, and by being deep in the water would have a 
gooil resistance. Two paddles, each about 4 feet deep and 
3 feet wide, would do this, without their rising out of the water ; 
therefore their atroke would be nearly horizontal. The return 
stroke would be in the water. Thus, let the paddle stand per- 
pendicular in the water, two-fiftba of.its width on one side, and 
three-fiftliB on the other side, the centre, which would turn 
ita etlge to the water on its bafk Btroke, and its flat to the water 
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on the forward stroke ; it would be light, and out of the way of 
anything, I have a patent now going through the office for all 
this, which will also cover the new principle of returning the 
heat back again, as already deacribeil to you. The engine for 
drawing in Holland will be ready about the end of February, 
and by that time I shall have a complete portable engine ready 
for London for discharging, when I shall be in town. 
" I remain. Sir, 
I " Your very humble servant, 

H " Rd. Trevithick. 

" P.S, — Wheal Towan engine is working with three boilers, 
all of the same size, and the Btrong steam from the boilers to 
the cylinder-case; the boilers are so low as to admit the con- 
densed water to run back from the case again into the boiler. 
Tliey find that this water is sufficient to feed one of tbese boilers 
without any other feed-water ; tlierefore one-third of the stejim 
generateil must be condensed by the cold sides of the cylinder- 
caae, and this agrees with the experiments I sent to you from 
Biimer Downs. Wheal Towan engine has an 80-incb cylinder. 
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and requires 72 busheU of coal in twenty-four liours ; therefore 
tlie cyliiKler-CAHe most in condensing higli- pressure steam nse 
24 bushels of coat in twenty-four hours. Boulton and Watt's 
case for a 03-inch cj-linder, working with low-pressure st^am, 
fondensed only 4J hushels of coal in equal time, the proportions 
of surfiietj being as 190 to 240 in Wheal Towan. Kearly Atp 
times the quantity uas condeitsed of high steam than of 
steam, proving that there is a theory yet unaccounted fur. 
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Trevithick's portable high-pressure steam-puffer 
gine, when it discharged the first cargo of coal from a 
vessel at Hayle, was worked by the writer ; it stood on 
the wharf near the ship, and on a signal from tlie hold, 
steam was turned on, raising rapidly tlie basket of coal 
the required height. In trying how quickly the work 
could be done the hook missed the baskefc-rope, and 
caught the man under the chin, swinging him high in 
the air, much to the engiuemau's discomfiture. Fortn- 
nately the suspended man had the good sense to lay 
hold of the rope above his head, and so supporting bis 
weight, no great harm was done. 

The object and the means were the revival of tlie 
nautical labourer of twenty years before.' The boiler 
was a wTOught-iron barrel on its end, on small wbedl^ 
with internal fire-tube, in shape like tlie boiler of the 
recoil engine of 1815;' but less high in proportion lo 
its diameter. The cylinder was let down into the top 
of the boiler, and like Newcomen'a atmospheric engine 
bad no cylinder cover. The piston-rod was a rack 
giving motion to a small pinion fixed on a shaft on tha 
top of the boiler, and to a large grooved wheel, around 
which was wound the whip-rope from the vessel's hold; 
a brake-lever enabled the engineman either to atop or 

S«« cbajilcrR xiv. and xv. 

See a'revithick'fl letter, 7th M«y, 1815, 
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■fc reduce the speed. Four niontba prior to the data of 
this letter he had sent a written offer to the Coramcm I 
Council of the city of London, offering to jirovid© 
engines to discharge all coal-ships for the saving he 
would effect in sis months, or he woold snpply an 
engine and boxes complete for 100 gnineas. Ue at the 
same time suggested that in place of the battketA holding 
1 bushel, iron hoxes on wheels, hohUng 4 btutheU, with 
a (lipriDg steelyard attached, ahonld he n»pd with hi* 
steam-engine, giving the exact, weight withont dftlay. 
He seems to have forgotten his nautical labonrer 
patented twenty years before;' bat yet reprodticed 
something very similar. 

Every trading Teaael was recommended to cany ftt 
least a i2-cwt, higb-presenre steam-puffer engine, •mi- 
able for warping, pmnping, and dincliarging cargo; 
but a 30-cwt. engine, not occnpying more room than 
a caboose, would in addition ook for the crew, and 
propel the vessel at three or (oar miles an boor. 

Two iron paddles, bice tbe dnek'n feet deaeribed to 
his Binner Downs frieod* many yean before,' were 
to be fixed on an iron abaft aeroa the stem of tbe 
vessel, receiving from tbe engiiie a motion like a 
pendtilam. Each dock'* foot wa« an iron pbt« i (oH 
deep and 3 feet wide, taming partly roiiwl on ita iron 
leg, to which it waa attached an a vane, alwul 1 fijot of 
its width on one ode of iU kg, and 2 feet on tbe other 
side ; when tbe leg and foot were drawn toward tbe 
vessel, the foot, tnmtng on its leg a« a centre, expQ«ed 
its edge only to tbe water; on tbe reverse mtivetuetit, 
the longer sde Bke a vatte tnmBd round until ibf flat 
was oppoMd to the water, in wliicb position it was kept 
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by a catch iintll the return movement, so that when il 
propelled, its whole surface preesed against the water, 
and when moving in a contrary sense, only its edge 
offered resistance to the water. 

The writer has no record of the practical application 
of the duck's foot as a steamboat propeller; but llie 
portable pufl'er-engine now pulls on board the fishes 
man's heavy nets, and the magnificent steamer ' Adriatic' 
hoists her sails on iron yards and masts by six of those 
steam helps.' 

Twenty years before be had solicited the Navy Board 
to try his iron ships propelled by high-pressure steam- 
engines, and had shown their applicability &a steam- 
dredgers; and again, shortly after liis return froB 
America, he pressed on their attention the same subjoei 
under new forms, followed by communications wiA' 
their engineer, Mi'. Rennie, and a proposal to place an 
engine in a boat at his own cost. 

The writer has attempted in this and the preceding 
chapter to classify Trevithick's schemes, crowded to- 
gether in those last years of his life, but the subjects 
so run into one another that the acts of twenty years 
before must be borne in mind to enable the more modern 
plans to be understood. 

The letter introducing the surface condenser, ia 1828, 
at the commencement of the former chapter, was in » 
month followed by that recommending a particular kind 
of paddle to be used as auxiliary steam-power, and after 
six months of experiments, by the patent of 1831, and 
the following correspondence : — 

" Mr. GilbehT, " Laudebdale Bouse, Hioboate, June lOlk, 1830 

"Sir, — Yesterday I saw Mr. George Genoie, and be 
requested me to write to the Admiralty, a copy of which I eeai 

' Sm 'lllustratol News," 27th April, 1872. 



MABiyK STEAM-EXGIKIS. 373 

both to ynii kikI to hint, for roar ui:$i)e<.*ti< <d. Air. Riiniii.- said 
there vfn h great deal eonlviDed in what I Uml i«tated to Itim, 
and that he would «ith pleasure forward my views, na far iih he 
could with con^isteDcy. 

" I remain. Sir, 

" Tonr very hnmble servant, 

"BiCHARD TREVITHirK." 

"To THE RlflBT HOKOC'RABLE THK LoBDS COMMISSIONERS OF 

TBE Admibalty, 4c., 4*.',, &C.. 
"My L0RD8, 

" About one year since I had the honour of attending 
your honourable Board, with proposed plans for the improvt- 
inent of steam navigation ; and as you exitrcBsed » wish to see 
it accoiiipliahe*], I immediately made an engine of considerable 
power, for the express pwrpoee of proving by prat-tife what I 
then advanced in theory. The result has fully answered my 
expfctatioiis ; therefore I now make the following propositions to 
your honourable Board, that this entirely new principle and 
new mode may be fully demonstrated , on a snfRcient scale for 
the use of the public, 

" I humbly rtque?.t that your Lordsliijis will grunt mo the loau 
of a vessel of about two or three hundred tons burtlien, in which 
I Hill fix, at my own expense and risk, an engine of suitable 
power to propel tlie same at the speed required. No alteration 
in the vessel ivill be neeesaary, and the whole apparatus 
required to receive ils propelling force from the water can 
be removed and again replaced with the atime facility as the 
Baib, thus leaving the ship without any apparatus beyond its 
sides when propelled by wind alone, and when propelled by 
tilteam alone the apjiaratus outside the ship will itceivu scarcely 
Boy shock from the sea. 

" This new invention entirely removes the great objection of 
sding the boiler with salt and foul water, and not oue-nixtli 
t of the room for fuel, or of weight of machinery now used. 
1 be i-equired; it is alao much more bimple and safe, not 
/ for narigation, hut for all other purjRscs where locomotive 
nner is required, rind will suiiorsede all animal poiver, ilb tin- 
VOL. U. 2 (■ 
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objectione of weigbt, i-oom, and difficulty of getting and of 
parrying water in locomotive engines is entirely removed. Il 
will therefore prove an investigation of greater utility to tiia 
public than anything yet introduced. 

"I have to beg the great favour of your Lordships apiwintin^ 
not only scientilic but practical engineers to inspect my pkue, 
that you may be perfectly BatisfiiHl of their utility, not only in 
theory, but also as to the pi'acticability of carrying the wme 
into full effect." 

The petition in June, 1830, for the loan of a Govern- 
ment hulk, hung fire up to January 1832, when an 
attempt was made to move the Lords Commissioners of 
the Admiralty by the force of numbers. 

" We, who^e names are hereunto subscribed, have known Itr: 
Richard Trevilhiok, of Hale, in the county of Cornwall, for » 
period of years, and during which time his conlnct has moited 
onr nnqualilied approbation. As an engineer of experience and 
eminence few, if any, can surpass him, and his present im]]niT»- 
ment of the steam-engine seems to outvie all others. Wt 
therefore, in justice to his talent, strongly reoommead lo tht 
Lords Commissioners of the Admiralty that he may he per- 
mitted, at his otvii costs and charges, to tit and nmke trial of hii 
engine in one of His Majesty's vessels. 

" Dated in London this 27th day of January, 1S32." 

This was sent to Mr. Davies Gilbert, who on (k 
same date suggested the following ; — 

" Recommendation op Mr. Ed. The\1thick, January 27, 1831 
" We have not any doubt or hesitation in recomniending Mt 
Eicharil Trevithick as a man of extraordinary powers of nM 
and of fertility of invention. 

"Cornwall owes to him much of the improvements that haw 
been male on Mr, Watt's engine — improvements that hut 
reduced the consumption of coal to a third ; nor haw ii 
exertions been confined to steam-engines nlone. He no* 
proposes to make the same water ac-t over and over again h; 
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Alternate expansion and contraction, which plan, if it succeeds, 
will be found of immense importAnoe to reasels and loeomotive 
engines. 

" Understanding that Mr, Trevithick is desironB of making 
the experiment at his own expense, we clearly recommend that 
facilities may be afforded him." ' 

This paltry question witli the Admiralty indirectly 
produced more trustwortliy evidence of the great 
importance of Trevitbiek's inventions than all that has 
been written of him under the professional terms 
Engineers, and Engineering. 

The names are not given of those who believed that 
lie had, as an established fact, reduced the consumption 
of coal in the "Watt engine to one-third; they were not 
Cornishmen, or they would not have misspelt the word 
Hayle, but they understood the gi-eat value of using 
the same fresh water over and over again in marine 
steam-engines. 

Mr. Mills, who had taken an active part in the screw- 
propeller experiments in 1815, was again interested in 
the pTOposed trial in a Government ship, and wrote, 
" I have just left f 'aptain Johnstone ; he has com- 
municated with Faucett and Co., Barnes and Miller, 
and with the firm of Maudslay. He has had bis mind 
disturbed again by Maudslay about the greater quantity 
of water required to condense steam at higher tempera- 
tures ; I repeated the same as yourself, about the 
cylinder full of steam, atmosphere strong ; however, he 
appears quite different to what he was on Friday," 
Such a clique of professional friends would sink a 
stronger man than Trevithick. A year or two from 
that time the writer designed a high-pressure steam- 
engine suitable for a steamboat, and on presenting it to 

' In tlic handwritiog of Mr. DnTies Gilbert. 
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the eminent raarjne-eiigine builders whom he ser 
was tokl that the lightness of the engine would cati.ie 
less profit to the makers. Their bills were based on the 
[wunds weight delivered, and new designs necessitated 
new patteiTis and new troubles. It was unreasonable 
to expect those makers of marine steam-engines to 
report that Trevithick knew better than they did. 
They knew of his screw-propeller experiments fifteen 
years before, but they in no way benefited him, and the 
Admiralty Captain was either a fool in their hands, or 
powerless without them. 

The primary object, when the loan of the ship iras 
asked, was the using for marine purposes a high- 
pressure steam tubular boiler, combined with tubular 
condenser, supplying or returning its water as feci, 
thereby avoiding tlie use of salt water in the l»oiler; 
and tills steam-engine, as shown in his patent of 1831, 
was to lie applied either to hia screw, or his duck's foot, 
or other propeller; but during the year or two of 
suspense, other schemes for propelling ships had occb- 
pied his thoughts, resulting in tiie patent of 1832. 

Simm-En^nes, 1832. 
" Now KNOW TR, that in L-ompUance with the eaiJ prorisn t 
the said Richard Trevithick, do hereby declare the natHK of 
my said invention, as regards the improvement or improvemeoti 
on the steam-engine, to consist in interposing betwet-n the l««l» 
and the working cylinder, in a situation to be strongly heatnl. 
a long pipe fonned of a compact seiiea of curved or bent pifwv 
which I denominate the dry pipes, or steam-expanding iqtpi- 
ratus, through which dry pipes I cause the steam, after it ha 
been generated in the boiler in contact and consequentlr asto- 
rated with water, to piias with very great velocity, in order llul 
it may imbibe a copious supply of additional heat witliout mt 
addition of water, and by this additional heat to be expfuxld 
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into a greater bulk of steam, of about the same eipansive force 
tbat it hiuX acquired in the boiler, by wbich means I obtain a 
greatt^r volume of ateam for use in tlie working cylinder than 
tiie boiler alone would supply; tind in order etiU furtlier to 
aiigiraciit this volume of steam, I place the working t-ylinder 
within a case constituting a part of the flue or chimney, that 
the cylinder uniy be kept considerably lu)tter than the steam 
employed in it by absorbing a great portion of the beat re- 
maioing in the flue after having heated the bidler and the dry 
pipes, which beat would otherwise pass away out of the top of 
the chimney and be wasted, but by this arrangement is con- 
verted into a useful power by further expanding the steam in 
the cylinder. 

** And I do further declare, that in carrying this part of my 
ffjid improvement into effect, I do not find it necessary to eon- 
fine myself to any particular form of boiler, or arrangement of 
pipes, iu which the steam is to be heated ; but by preference, 
as being veiy compact in form, and economiml of fuel in using, 
1 make my boiler of a' number of upright pijie*, standing upon 
and communicating with a tubular ring placed amund and a 
little below the fire-grate ; these pipes all surroimd the fire- 
place, excei't two or three, the lower ends 6l which are elevated 
above the fire-door, but connected at the bottom by a branch 
pipe united to one of the adjoining uprij^ht pip -s, thereby 
le-aving an opening or place of access to the fire. These pipes 
all extend upwards to the height of several feet, accoi'ding to 
the quantity of steam required to be raised, combined with 
local convenience, for it is obvious that the power of this boiler 
to raise steam may be inci-ease<l either by increase of the length 
of the pipes, of their diameters, or of tbeir numbers. And I do 
by upon the upper ends of the pipes hereinbefore describf^d 
uml connect witli them n tubular riug similar to that upon 
wliich the pipes stand, the two rings and the upright pipes 
forming tt^ether a vessel in which water has free conimuni- 
cution by means of the bottom ring to stand at the same level 
ill all the pipes, and the steam has free comnjunication tj> ]iass 
from all the pij>es into the upjier ring ; and 1 do, for the sake 
of obtaining great heat, place my Bystem of dry pijies over the 
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fire, and witluu the circular row of uprjglit pipes of the boiler 
hereinbefore dest-ribed ; und I form my dry pipes in pairs, each 
pair constituting tlie figure that is well understood by the term 
iBverted syphon ; aud I unite several of these syphons together 
by short bent pipes at tlie top, so as to constitute one long sig- 
Eag pipe, through which the steam must successively pass down 
and up the alternate legs of eacli syphon with great velocity, 
necessary for the rapid absorption of heat in its passage from 
the boiler to the working cylinder of the engine, the workuig 
cock, valves, or elide of which being united by a pipe of com- 
munication with that leg which is last iu the successioa of 
syphons; and I unite thts fiisL iu succession of these iurertcd 
syphoDs with the upper tubular ring of the boiler by means of 
a bent pipe, in which a throttle- valve or cock is placed in miar 
to limit the supply of sleam, that it may have space in the di; ' 
pipes and working cylinder to expand iu proportion as it receireB 
additional heat; and 1 lix a safaty-vulve iu communication witii 
the boiler, and another in communication with the dry pipes; 
and I place around outside the boiler, at a finiall distance from 
the upright pipes, two cylindrical casings, one within the other, 
and fill up the space between the two cnsiugs with sand, astwi. 
or other material wJiich conducts heat hut slowly ; and I doK 
up the upper end of the casings over the Uiiler and thp itf 
pipes witli a covering in the form of a dome, and out of tfalt 
euclosnre I make the flue to pass fo and around the worlcinp 
cylinder of the engine, whence the fluo carries the HiDokeuid 
little remaining heat away in any oonvenient manner; and 
1 make my boiler-pijws, rings, and casings by pi-eforence of 
iron or copper, and my dry pipes of copper or other stiQo^ 
metal not liable to rapid oxidation by heat when io coabrt 
with steam ; and I supply my boiler with water by m«anfl of* 
forcing pump, so adjusted as to keep the water of the pn^ I 
height. 

"And I do hereby further declare, that the nature of atysui I 
invention, as regards the improvements iu the applicatiim U I 
steam-power to navigation, constats in the drawing of water into * 
receptacle placed near within the stern of the navigable vemi- I 
wliich ivftter is drawn in through an orifice in the stern wili* J 
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moderate degree of velocity in the direction of the course of the 
vessel, and ejected willi great force and speed in h direction 
opposite to tlie course of I be vessel thrmigli tfie same orifice, 
reduced to about a quarter of tlie area by means of a valve 
opening an tbe water enters, and partially sbutting as tlie water 
is ejected ; and tbiis I propel the vessel with great force, derivod 
from the recoil of tbe water eet into rapid motion in a direction 
opposite to tbe conrse of tbe vessel, the rapidity of the jet of 
water to be at least eqnal to double the required speed of tlie 
Teasel to be navigated. 

"And I further declare, that by prefennce 1 effect the pur- 
pose of receiving and of Ejecting tbe water, and of deriving it 
motive foroe from its recoil, by means of a large vertical cylinder 
of cast iron or other metal, closed at both ends, in »hicb a piston 
is, forced up and down by a piston-rod sliding through u slulling 
box in the lid, fthicli pi'ston-i-od receives its motive force from 
a steam-engine ; and I fix a tube info the after side of tbiM 
cylinder, near tbe bottom, in communication with the spaci' 
below tbe piston, which tube leads through tbe stem of the 
ve^el, as low doHH as practicable, nnd opens on one side of the 
rudder: and Itix another tube into tbe after side of this cylinder, 
near the top, in eommimication with the sfiace above tlm pisliin, 
which tube also leads through the stein of the vessel, lis low 
down as practicable, but opens out on the other side of the 
rudder ; and I place in the mouth of each of these tultes a valve 
opening inwards, to allow the water free entrance, equal to tbo 
bore of the tube, and partially shutting when the water is 
ejected, so as to reduce tiie op'-ning through the stern to about 
une-fourlh of the area of tbe tuba 

" And I do hereby further declare, that the nature of my said 
invention, as regards tbe improvement in the application of 
Bteam-power to locomotion, consists in tbe application of ttuoli n 
boiler, together with the expanding apparatus as nforosaid, to 
locomotive engines, whereby a diminished weight of boiler and 
quantity of water and fuel is obtained; and in fiirtlier com- 
plianee with the said proviso, I, the said Kichard TrRvithielc, do 
hereby describe the manner in which my said rnvi-nthm is to Imi 
)H»rfbrmcd, by the following description of its various paits in 
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detail, rel'ereuoe being had to the druwiii^ auuexed, mid to tlie 
figures and letters marked tliereon, that is to say : — 

" Description of the Drawing. [Plate XVII.] 
" Figure 1 rt-preseiits a series of vertical sections through the 
various essentiiil parts of the boiler, tlie dry pijjes, the fiteAin- 
pipe, the working cylinder, the propelling cylinder, and the 
flue, together with sections aud \iewB ol' other minor i>arts, 
serving to show the connections of the essential ooes. The 
place.^ at which these sections are taken are shown in Figure 2 
by the dotte 1 line from A to B, from B to C, from C lo D, and 
from E to F. Figure 2 represents a plan of Figure 1, with the 
top coverings of the boiler aud working cylinder removed. 
Figure 3 shows the manner of uniting the shorter upright pipes 
over the fire doorwav with one of the adjoining ones, so as lo 
give free circulation of the water in all the pipes. Fignre 4 
represents three pairs of syphons, which in their places stjuid iii 
a circular form, but in this Figure nre shown as spread out into 
a plane, in order the better to esphiin their structure and join- 
ings. Similar small letters and uumljere of reference are twed to 
denote similar parts in all the Figures; a, the upright btul^r- 
pipes, the upright and lower ends of whicli mo coui]-)kcte>l tu 
leave room for holt-heads and nuts, without throwing the pi[«^ 
too far asunder ; h, the tubular ring having a flanch ]>rojcoting 
ijiivards and oiil wards at the upper side, jierforated with i^e^ 
tuies upon ithioh the upright pipes are bolted, and HDotW 
flanch at the liottoni, projecting inwards, to bolt the ring dowa 
to the foundation plate ; c, the foundation plate ; d, the fire- 
grate ; e, the fire doom ay ; f, the npjwr tubular riug, having » 
Sanch at the bottom projecting inwards and outwards, and 
perforated with apertures corresponding with the tops of the 
ujiright pijies upou which the tubular riug lies, and to iJl which 
it is bolted ; g, the level of the water in the boiler-pipes ; A, the 
dry pipes formed like inverted syphons, so as to require no 
joining at the lower part near the fire ; one leg of each of the 
two syphons shown in Figure 1 is in section, aud broken nat 
tile Iwttom ; an outside view of the other leg a]){>eani parth 
behind the section ; li, the short bcut piped, each bolted to t»fl 
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syphons, to uoite tliem into one cootiooous pipe; 1, tlie bent 
pipe uniting the upper tubular ring with the first in succession 
of the syphons ; the proper sitnatiou for this pipe is that shown 
in Figure 2, but for the sake of clearness and simplicity in the 
drawing, it is shown in Figure 1 as if on the left-hand pi)>e and 
syphon; m, the throttle-roek on the bent pipe/; n, the safety- 
valve lever, and weight on the same; p, the pipe of communica 
tiuu from the last in the succession of syphons to the working 
cylinder of the engine; r, the throttle-cock in the pipep; s, a 
four-way eoek, worked by the hand-gear, to direct the steam 
alternately nnder and over the piston; /, the safety-valve in 
c-omnmnioation with the dry pipes; u, the two cylindrical 
casings surrounding the boiler-pipes, the spiice between the two 
being filled up nilh a slow condncttng medium ; v, the domical 
covering over the cylindrical enclosure ; w, the flue leading out 
of the enclosure into the casing of the working cylinder ; z, the 
casing of the working cylinder forming a continuation of the 
fiue ; ^, the further continuation of the flue to the chimney ; 
z, the waste-steam pipe l^iding into the chimney ; 1, the steam- 
pipes leading from the working cock into the top and bottom of 
the working cylinder; 2, the working cylinder; 3, the piston 
with metallic packing; 4, the piston-rod passing down through 
a Gtuffing box at the bottom of the working cylinder, and also 
continuing downwards, (o form the rod of the propelling piston ; 
5, the propeHing cylinder; 6, the water or propelling piston; 
7, the upper aperture leading to one of the tubes opening 
through the stern of the navigable vessel ; 8, the lower apei^ 
tiire leading to the other tnbe, opening also through the stem 
of the navigable vessel ; these ajtertures are made as nide as 
the cylinder will allow, in order that they may have but little 
depth, and not occasion an inconvenient length of the propelling 
cylinder; 9, a frame supporting the steam-cylinder upon the 
propelling cylinder ; 10, the feed-pump for supplying the boiler 
with water; II, an arm fasleneil on the pistun-rod to work the 
feed-pump and hanl^ear; 12, the hand-gear. 

" Sow, whereas I claim as my invention, firstly, the inter- 
-posing between the boiler and the working cylinder of the 
8team-L-ngine a long mauy-ciu-vt-d heated pipe, through which 





3S2 JlAlilXK AND UjCOMoI'IVE ENGINES. 

the steam is foreed to pass with great rapidity without ln.-iDg 
permitted to come in direct contact witli water, by wbicJi 
arrangement tlie steam is made to absorb additional heat, and 
at the same time allowed to expand itself into a greater 
volume. 

" Secondly, placing the working cylinder of the engine within 
9iich part of the flue or chimney as shall enanre the cylinder to 
be kept hotter than the steain used in it, by which means the 
expanding of the steam is still further promoted. 

"Thirdly, propelling a nKTigable vessel by the force of the 
recoil produced from water received with a moderate degree of 
velocity, into a receptacle near mthin the stern, in the direction 
of the course of the vessel, and ejeeled with great velocity in a. 
direction oppo^site to that course, the velocity of the jet being 
at least double the required speed of the vessel to be propelled, 
provided always that the same be effected in manner herein- 
before described. 

" Fourthly, applying a boiler combined with a steam expand- 
ing apparatus, as before described, instead of a boiler alone, to 
a locomotive engine, whereby the power of the steam is applied 
after the steam bas undi-rgone the expanding process, and 
whereby a diminution is effected in the weight of the boiler, 
and in the weight and consumption of water and of fuel." 

The two great objects in this 1832 patent were su- 
perheating steam in tubular boilers, and propelliug 
ships by forcing a stream of water from the stern at a 
speed of at least double that of the vessel. Similar 
ideas may be traced in his patent of 1815, where a 
tubular boiler gave superheated steam, and in 1809 bis 
patent for propelling steamboats " consists of a tube of 
considerable length disposed liorizontally in the water, 
and the stroke of rowing is made by meaus of a piston 
with valves." 

An engine of 100-horee power was ordered in Shrop- 
sliire to be placed on board tlie Government ship to 
test the value of those patents of 18.'U and 1832. One 
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»DBeqnence was that a gentleman who had helped thitt 
scheme with his money wrote : — 

" My case with TievitLick b strictly this ; lie was represented 
tL> me as a man of property ; and as to his talents for mechanics. 
no man couhl he in his company long without being struck with 
them. I was induced to trust him to the amount of nearly 
500?., and I tlien learned for the first time that it was only on 
the possihle conlingency of a grunt from Government that ho 
relied for the payment of my chum," 

A company called the New Improved Patent Steam- 
Navigation Company was formed, of which Trevithicic 
was a member, though apparently not a subscriher, for 
a note in November, 1831, informed him tlmt " if in 
seven days he did not pay up his calls, his sbai'es would 
bo entirely forfeited." This company, among other 
proposals, opened negotiations for sending steamboats 
to Buenos Ayres to help in the commerce of the port 
and inland river. 

In 1832 the Waterwitch Company made experiments 
with those plans, propelling by forcing water through 
pipes, since which a Government ship of war called tlie 
* Waterwitcir has been so propelled. Twenty years 
ago the writer saw steamboats so propelled in daily use 
on the Meuse ; they needed no rudder, for by turning 
the mouth of the exit-water pipes on either side of the 
ship it was made to turn in its length, or even to move 
sideways. 

Messrs. John Hall and Sons, of Dartford, also experi- 
mented on these two patents, and from this the tubular 
condenser was called Hall's Condenser. I think the 
boat it was first tried in was called the * Dartford.' 

Trevithick's difficulties in urging so many and great 
changes in marine propulsion may bo estimated by the 
r engineers. 
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" Mr. Reirnie was engnged for many years iu urgio'r the iirtf^* 
duction of Bteara-pdwer in the Eoynl Nary. In 1817. we find 
liira writii.g to Lord M.lville, Sir J. Toi-ke, Sir D. MiIdc, aud 
otLers on the subject. In July, 1818, lie Luueiits tliat he 
cannot convince Sir G. Hope or Mr. Secretary Yorke of iheir 
utility, but that he is pernuaded thuir ado[)tioii must come at 
last. 'On the 30th May, 1820, he writes Jam.>8 Watt, of Bir^ 
mingham, informing him that the Admiralty had at last decided 
upou haviug a. s'eambaat. notwithalanding the strong resiitauce 
of the Navy Board." ' 

So that Mr. Rennie, as professional adviser of tlie 
Navy Boartl, had to persuade for three years, with a 
knowledge of Trevithick's prior experimenta, before 
active steps were agreed to; for twelve years had thai 
passed since Trevithick's nautical labourer and iron 
steamboat had been tried on the Thames, and five sinoe 
his experiments with the screw-propeller. 

All article iu 'The Times' gives iu strong coutra.«t 
the relative value of screw and paddle-wLeels as pro- 
pellers. The 'Syria' was originally a paddle-wfied 
steamer, having oBcillating cylinders worked with stesm 
of 25 lbs. on tlie inch, aud Hall's tubular coiideDFer; 
after a time the paddle-wheels were removed fur a screw- 
propeller, driven by two uteam-cylinders side by side, 
of different diameters, the high-pressure steam exerting 
its full force in the small cylinder, and then expanding 
in the larger cylinder, AH the leading features in tliis 
improved steamboat of the present day, such as higli- 
pressure expansive steam in one or two cylinders, with 
tubular condenser and screw-propeller, had been pub- 
licly proved by Trevithick fifty years before, 

" Screw against Paddle. — An interesting and iniportnut tnJ 
trip lutH recently been madf, which serves to exhibit the «dTU- 
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of the Bcrew over the paddle iis a means of propalsiou lor 
ocean-goiug stenmsliips. In 1863, the steamship ' Syria,' of 
IU98 tons, was built for the Peninsular aud Oriental Company 
by Messrs, Day, Summers, and Co., mid fitted with paddle-wheel 
engines of 450-horee power. The 'Syria' then attained a speed 
of 13'038 knots per hour, and the consninption of coal was at 
the rate of 4f> tons per diem. The builders have lately con- 
verted ber into a ac-rew-steamer (for carrying the mails between 
SonthamptoQ and the Cape of Good Hope), who, without in 
any way disturbing the eoufigurution of the hull, have fitted tbo 
'Syria' with coinponnd inverted engines of 300 nominal horse- 
power. These engines have two cylinders, respectively of 36 in. 
and 72 in. diameter, with a stroke of 4 ft, 2 in. On Monday 
last the 'Syria' attained an average speed of 12-637 knots, with 
a consumption of coal equivalent to 18 tons per diena ; tlina 
showing a difference of only 0"401 knot per hour, with a 
lesBened power of 100 horses, and a. saving in consurapliou of 
coal of 27 tons per diem ; while the carrying capacity of the 
ship, arising froTn the economy of space in the engine-room, has 
been enormously increased, as she can now stow 1200 tons of 
^^aigo agauist "tOO tons previously." ' 

^VMr. Husband, of ihe firm of Harvey and Co., of 
^TCayle, has obliged me with the annexed sketch 
(Plate XVHI.) of" a modem high-pressure s^team expan- 
sive compound marine engine, with surface condensers, 
on which the grandsons of Trevithick are now working, 
to he placed in the ' Batara Bayon Syrt'e,' an iron yaclit 
for an Indian Rajah, embracing the modern improve- 
ments of direct-action compound engines, and illustrat- 
ing tlie principles wliich governed the constructors of 
fee ' Syria.' 

iThe first glance shows a seeming resemblance in out- 
Be to Trevitliick'e patent drawing of 1832, having 
he cylinder above the other ; but a closer examination 

■ See ' The Times," May 20lh, 1871. 
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proves the application of the principles of his patents dP 
1815 and 1831, embracing screw-propeller, direct-acting 
engines, tubular boilers, high-pressure steam used expan- 
sively, and condensafion by cold surface preventing the 
necessity of using salt water in the boilers. 

This engine, in outline, has a strong likeness to 
Trevithick's engines, going back even to his first patent 
of 1802,' followed hy the direct-action high-pressure 
steam yacht of I80G,' and again in 1808* by the irou 
Bfeamer with direct-action long-stroke cylinders, witli 
highly expansive steam and surface condensers, to which, 
in 1815,* was added the patent compound expansive 
steam pole and piston engine and screw-propeller, 
embodying during the first fifteen years of the preaeDt 
century, both in principle and in detail, the most 
approved form of marine steam-engine with fewness 
and simplicity of form of moving parts; but compare 
it with the Watt patent engine, and its difference 
is obvious; no beam or parallel motion, no injectioB- 
■water necessitating the air-pump, no lo'w-pressue 
steam. The late Mr. William AVilson, of Penwi 
Foundry, son of Boulton and Watt's financial agent in 
Cornwall, informed Mr." Henwood that he was with Mr. 
Watt when some one stated that Mr. Trevithick una 
working bis engine with steam of 40 lbs. on the inch; 
when Mr. Watt replied, "I could work my engine with 
steam of 100 lbs. to the inch, hut I [would not] be the 
engineman." ' 

Progressive experience, with increasing demand for 
economy and speed, have caused the principles and tbe 
details of Trevithick's steam-engines to be matters of 
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national importance seventy years after their discovery, 
for as far Imck as tliat he used highly-expansive steam,' 
and on the question of a separate cylinder for expan- 
sion aa used in the modern steamboat combined engines, 
he wrote. " I think one cylinder partly filled with steam 
wonld do equally as well as two cylinders; that one at 
Worcester shnts off the steam at the first third of the 
stroke, and works very unilbrmly with a considerable 
saving of coal.* Tliose modern marine engines use about 
the same steam pressure and expand about in the same 
proportion. With the direct action from the piston-rod 
to the ci'ank-shaft, the multitubular boiler and screw- 
propeller, and the snrface condenser perfected In 1831 
and 1832, at which time his construction of a marine 
steam-engine would have been just what it now is forty 
years later. Those latter patents also embrace the 
principle of superheating steam, practically shown 
many years before,' and still used by marine engineers 
of modem times. 

In tracing the wisdom of his designs just before the 
close of an e^-entful life, reference may be made to the 
Irial of a common road locomotive in 1871 : — "Experi- 
mental trip of the Indian Uovernment steam train 
engine, ' Ranee,' from Ipswich to Edinburgh.— The 
results of the trial with tlie ' Chenah,' though satis- 
factory so far as tlie engines proper were concerned, 
were vitiated by the failure of the boiler; on the com- 
pletion of the second engine, the 'Riinee,' tlie field 
boiler and variable blast-pipe were used ; the boiler is 
about 4 feet diameter at the bottom and 8 feet high." ' 

The form and dimensions of the exterior of the Ilanee 
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tulniJar boiler are very similar to Trevithick^s •pswS^ 
drnwiiig aud specification of 1832 ; even the variable 
lilsst-pipe waa used by him in 1802.' 

Tbe last years of Trevitliick's eventful life were die- 
quered'with hopes and disappointments when, in tbe 
early part of 183U, he wrote to his friend Gerard: — 

" This morning I cftlled liere for the pnrpose of fontardt^ 
my information to the committee of the House. I railed on 
Mr. Thompson to inform liim what Mr. Gilliert said respecting: 
it. Hia answer was, thnt the direct method vonld be by for- 
narding a petition in the wny proposed nheu at t}ie lobby. In 
consequence, I have forwarded the petition to Sir Matthew 
liidley. Yesterday I took tbe coach to Highgate, by way of 
Camden 'J'own, and of course had to walk up Highgnle Hfll 
I found I wus able to ivalk up that hill with as much ease and 
speed as auy of my coach companions. Hoverer strange MA 
miifTgot may appear in my chest and bmin, it is no more than 
tnie. I wish among all you long-life-preserving doctors you 
could find out the cause of this defect, so as to t«niedy this 
troublesome companion of mine." 

His health was breaking down, and his petitiou fot» 
gift from the public purse, so hopefully commenoed 
two years before, was doomed, after another year'i 
bandying from pillar to post, to be forgotten and un- 
answered. 

" DK4R Tbevitbick, " Ea»tbouiik8, DcTvniber 261k, ItSL 

" I am sorry to find that you have not any prospect rf 
assistance from Government. I have not any copy or memo- 
randum of my letter to Sir. Spring Itice, bnt it was to the effal 
of first bearing te*-timony to the large share that you hiiw W 
in almost all the improvements on Mr, Watt's engine, uliid 
have altogether about trebled its power; your imving tuadf*' 
travelling engine twenty-eight yetu^ ago ; of your bavio)! 
invented the iron tanks for carrying "ater ou board ship. I 
Trevilhick'B lelUr, 22ml Atigiisl. 1802, vul. i., p. 1&3. 
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then went on to state tliat the great defect in all steam-engioea 
Reeineii to be tlie loss by condensation of all tlie heat rendered 
latent in the conversion of water into atearu. That higli-presaure 
engines owed their advantages mainly to a reduction of the 
relative importanoe of this latent lieat. That I hati long 
wished to see the plan of a differential engine tried, in which 
the temperatures, and consequently elasticities, of the fluid 
might he varied on the opposite sides of the piston without fon- 
densution ; that the engine you had now conatruoted promised 
to effect that object, and that in the event of its succeeding at 
all, although it might not be applicable to the driving water out 
of mines, yet that for steam-vessels and for steam-carriages iU 
obvious advantages would be of the greatest importance ; and I 
ended by saying that although it was clearly impossible for me 
to ensure the success of any plan till it had been actually proved 
by esperiment, yet judging theoretically, and also from the 
imperfect trial exhibited on the Thames, I thought it well 
worthy of being favoured. 

" Your plan unqnestionably must be to appoint some one 
with you, as Mr. Watt did Mr. Boulton, and I certainly think it 
a very fair speculation for any such person as Mr. Boulton to 
undertake. 

" It is impossible for me to point out any individual, aa never 
having had the slightest motive with such or with manufactarers 
in any part of my life, I am entirely unacquainted with mercan- 
tile concerns. I cannot, however, but conjecture that you slioutd 
make a fair and full estimate of ivhat would be the expense of 
making a decisive experiment on a scale snfBciently large to 
remove all doubt; and that your proposal should be, that any- 
one wishing to incur that expense should, in the event of success, 
be entitled to a certain share of your patent; on such conditions 
some one of property may perhaps be found who would undertake 
the risk, and if the expei'iment proved sufMjessful, he would be 
Hure to use every exertion afterwards for his own sake. With 
every wish for your success, 

"Believe me, yours very faithfully, 

" DaVII;S fTlLBKRT." 

2 I) 
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The statement of tlie President of the Royal Soei6tj 
that the power of the Watt engine had heen trebled by 
Trevithtck, hronght him no gain. 

He never troubled himself with pohtics, but the 
passing of the Reform Bill caused him to suggest 
that it should be commemorated by a pillar higlier than 
had ever before been ereuted. The foUowiug memo- 
randum is iu his own writing ; — 



" ' Morning ni-mld," July 11th, 1832. ^H 

"National Monument in hotumr o/ Beform. — The great me*- 
sure of Keform linving bH3coin6 the law of the land, it ia propcmetl 
to comiuemorate thu event by the erection of a stujieofloui 
columii, exceeding in dinieii»iou8 Cleopatm'a Needle, or Pouipt-v'* 
Filliir, and symholical of the beauty, strength, and niiaffocted 
^iraiulour of the British Constitution. 

" In furtlii'ranre of this great object, it public meeting is 
pi-oposed t« be held, of which due notice will h^ given, to set 
on foot a Huhiscription throughout tlic United Kingiloim, liu 
individual tontribtiliuns to two guineas, but r<N2eivi 
smallest sums in tdd of the design. 

"The following noblemen nnd gentlemen have siguiliet 
iipprobiition of thn mejisure: — His (inwe the l*uko of UtA 
of Somereel, of Bedford ; the Bight Honourikble Earl i»f ) 
of Shrewsbury, of Darlington; Ivi>rd Stafford; Sir 
Burdett, M.P. ; Joseph Ilumi', M.P. ; R. H. Howanl, | 
Wm. Brougham, M.P.; J.E. Denist.n.M.P; A. W. Robart 
J. Eaathope, M.I*.; General Palmer, M.P." 

"Design and specification for erectiug u gihled coni«s] 
iron moumiient. Scule, 40 feet to the inch of 10(K) teet 'v, 
height, 100 feet diameter at the base, and 12 fet;t diam^tn it 
the top; 2 inches thick, in 1500 pieces of 10 feet Kqiiore,wflfc, 
an opening in the centre of each piece 6 feet diameter, also a 
each coriier of 18 inches diameter, for the purpose of lesouK 
the resistftnce of the wind, and lightening the stnn;tare • «tli 
flanges on every edge ou their inside to screw thom U^tJui; 
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aeatetl on a circular stoTie foundation of 6 feet wide, witli an 
ornamental l^ase colnran of 60 I'eet liigli; (ind a capital with 
50 feet diameter platform, and figure 
ou the top of 4l) feet liigh ; with a cylin- 
der of 10 feet diameter in the centre of 
the cone, the whole height, for the ac- 
commodation of persona ascending to 
the top. Euch cast-iron square would 
weigli about '-i tons, to be all screwed 
togother, with sheet lead between every 
joint. The whole weiglit would be about 
6000 tons. The proportions of this cone 
to its height would be about the same 
as the general shape of spires in Eng- 
land. 

"A steam-engine of 20-hor8o power 

ia auflicient for lifting one square of iron 

to the top in ten minutes, and ae any 

number of men might work at the 

B time, screwing them together, one 





square coutd easily be fixed every hour ; 1500 squares requiring 
less than six nmuths for the complolion uf tht; cone. A proposal 
2 I) 2 
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bas been made by iron founders to deliver tbese castings on 
spot at 71. a ton ; at this rate the wliole expense of completing 
this national monument would not exceed 80,000/, 

" By a cylinder of 10 feet diameter, through which the public 
would ascend to the top, bored and aorewed together, in whicii a 
hollow floating sheet-iron piston, with a seat round it, accommi>- 
datiiig 25 persona; a steam-engine forces air into the cylinder- 
column from a blast-cylinder of the same diameter and workina; 
3 feet a second, would raise the floating piston to the top at tbe 
same speed, or five or six minutes ascending the whole height; the 
descent would require the same time. A door at the bottom of 
the ascending cylinder opens inwards, which, when shut, could 
not be opened again, having a pressure of 1500 lbs. of air toiding 
i« keep it shut until the piston de.'^cends to the bottom. By 
closing the valve in tlie piston it would ascend to the top with 
the passengers floating on air, the same as a regulating blast- 
piston, or the upper plank of a smitii's belloivs. The air appa- 
ratus from the engine should be of a proper size to admit the 
floating piston with the passengers to rise and fall graduallv, bv 
the partially opening or shutting of the valves in the top of ihe 
piston. Supposing no springs or soft substance for the pistmi 
to strike on at the bottom of the column -cylinder, descending 
3 feet a second would give no greater shock than falling frm 
9 inches high, that beiug the rate of felling bodies, or the BUie 
as a person being suddenly stopped when walking at the ntsat 
two miles an hour. The pressure of tbe air under the piatffli 
would be about ^ lb. on the square inch; the aportare canrtot 
let the piston move above 3 feet a second, hut tliis sp«^>ed ms; 
he reduced to any rate required by opening or shutting tbs 
valves on tbe lloiitiiig piston." 

To Trevithick's soaring genius nothing appeared 
very small, or very large, or very costly ; not even tJie 
cast-iron column 1000 feet high covered with gold. The 
stone monument of London, 210 feet high, is admit«d 
by many; others climb into the cross on St. Paul'* 
Cathedral, 420 feet high ; some make a long jouraev 
to the great Pyramids, 500 feet high. How much 




high-presmire steam-engine, and haring-, trom the loftiest 
pedestal of human art, surveyed imperial London, to be 
lowered to the every-<lay level at a safe speed, 
nlated \>y valves closed by sach simple iicts as rising 
1 the scat ; bnt should this be neglected, tlie passage 
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of compressed air escaping: from under the piston- 
carriage would only allow of its descent at a speed of 
3 feet in a second, giving but tlie same sbock on bump- 
ing the bottom as jumping ofl'.a 9-inch door-step. 

Perhaps the King in 1833 could not take an active 
part in advocating a memento of the golden days of 
reform ; but this is no reason why the suggestion should 
have been bo slightly noticed in 1862, to erect it in 
memory of the good and wise Prince Albert. 

Various meetings were held, and after nine months 
the plan had so far advanced as to be placed before 
King. 

" Sir Herbert Taylor begs to acknowledge the ri?ceipt 
Mr. R. Trevithtck's letter, nitli tlie accompanying design for a 
national monument, wliicb be has bad tbe honour of gubmitting 
to the King. J 

" St. James's TALArB, lg( Mirclt, lft33," ' ^| 



t ^^ 



Within two months from t)ie date of the design for a 
gilded column Trevithick bad passed away. Ili.s family 
in Cornwall received a note, dated 22ud April, 1833. 
from Mr. Rowley Potter, of Dartford, stating that 
Trevithick had died on the morning of that day, after 
a week's confinement to his bed. He was penniless, 
and without a relative by him in his last illness, and for 
the last offices of kindness was indebted to some who 
were losers by his schemes. The mechanics from the 
works of Messrs, Hall were the bearers and mourners 
at the funeral, and at their expense night watchers 
remained by the grave to prevent body-snatching, then 
frequent in that neighbourhood. 

A few years after the funeral, the writer was refused 

' Thu culiimii wiw Hiiggcsted )u 1BF<2 na a suitiihle. monumcot U> tbi 



RESTING-PLACE. ^9& 

permission to go througli the works to inqiiiie into the 
character of the experiments that had been tried, but 
the working mechanics were glad to see the son of 
Trevithick, and their wives and children joined in the 
weJcome as he passed throngh the small town. 

Trevithick's g^ave was among those of the poor 
buried by the charitable ; no stone or mark distinguished 
it trom its neighbours. He is known by his works. 
Hie high-preesure steam-engine was the pioneer of loco- 
motion aud its wide-spreading civilization. England's 
mineral and mechanical wealth on land or sea are in- 
debted to its expansive jiowcr, its a]>plicabllity, and 
durable economy. 

His comprehensive and iiigenions designs, given to 
the world seventy years ago,' are still instructive guides ; 
and many of his works, dating from the dawn of the 
present century, remained as active evidences of his 
skill almost to the present day, with their three-score 
years,* while some few reaching three-score years and 
ten still remain good sen'anfs^ in the solitude of the 
Peruvian mountains, where no mechanical hand repairs 
the errors of human skill or the wear and tear of time.* 

If those material proofs fail to convince, the reader 
has but to ponder on the bitterly natural reflections 
written by himself a few months l>eforG his last ilhiesa 
to his friend Davies Gilbert : — 

"I have been branded with folly and motlness for attempting 
what the world calls impoBsibilitiea, and even from tlie great 
engineer, the lute Mr. Jamea Watt, who said to an eminent 
scientilic phaructei still living," that I deserved hanging for 
bringing into use the high-pressure engine. This so far has 



' Ri-e 1802 patpnt, vol. i., p. 126. 
' Agriciiltunilcnginp, vol.ii., p. () 
' Mr, J..hn iBsnc Uawkins. 
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beeQ my reward from the public ; but should this be all, I shall 
be satisfied by the great secret pleasure and laudable pride that 
I feel in my own breast bojn having been the instrument of 
bringing forward and maturing new principles and new arrange- 
ments of boundless value to my country. However much I 
may be straitened in pecuniary circumstances, the great, honour 
of being a useful subject can never be taken from me, which to 
me far exceeds riches." 



( 397 ) 
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